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Effective Programs in Elementary
Mathematics: A Best-Evidence Synthesis

Robert E. Slavin and Cynthia Lake
Johns Hopkins University

This article reviews research on the achievement outcomes of three types of
approaches to improving elementary mathematics: mathematics curricula,
computer-assisted instruction (CAI), and instructional process programs.
Study inclusion requirements included use of a randomized or matched con-
trol group, a study duration of at least 12 weeks, and achievement measures
not inherent to the experimental treatment. Eighty-seven studies met these
criteria, of which 36 used random assignment to treatments. There was lim-
ited evidence supporting differential effects of various mathematics text-
books. Effects of CAI were moderate. The strongest positive effects were
found for instructional process approaches such as forms of cooperative
learning, classroom management and motivation programs, and supplemen-
tal tutoring programs. The review concludes that programs designed to
change daily teaching practices appear to have more promise than those that
deal primarily with curriculum or technology alone.

KEYWORDS: best-evidence syntheses, elementary mathematics, experiments,
meta-analysis, reviews of research.

The mathematics achievement of American children is improving but still has
a long way to go. On the National Assessment of Educational Progress (NAEP,
2005), the math scores of fourth graders steadily improved from 1990 to 2005,
increasing from 12% proficient or above to 35%. Among eighth graders, the per-
centage of students scoring proficient or better gained from 15% in 1990 to 20%
in 2005. These trends are much in contrast to the trend in reading, which changed
only slightly between 1992 and 2005.

However, although mathematics performance has grown substantially for all
subgroups, the achievement gap between African American and Hispanic students
and their White counterparts remains wide. In 2005, 47% of White fourth graders
scored at or above proficient on the NAEP, but only 13% of African American stu-
dents and 19% of Hispanic students scored this well.

Furthermore, the United States remains behind other developed nations in inter-
national comparisons of mathematics achievement. For example, U.S. 15-year-olds
ranked 28th on the Organization for Economic Cooperation and Development’s
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Program for International Student Assessment study of mathematics achievement,
significantly behind countries such as Finland, Canada, the Czech Republic, and
France.

Although we can celebrate the growth of America’s children in mathematics,
we cannot be complacent. The achievement gap between children of different eth-
nicities, and between U.S. children and those in other countries, gives us no justi-
fication for relaxing our focus on improving mathematics for all children. Under
No Child Left Behind, schools can meet their adequate yearly progress goals only
if all subgroups meet state standards (or show adequate growth) in all subjects
tested. Nationally, thousands of schools are under increasing sanctions because the
school, or one or more subgroups, is not making sufficient progress in math. For
this reason, educators are particularly interested in implementing programs and
practices that have been shown to improve the achievement of all children.

One way to reduce mathematics achievement gaps, and to improve achievement
overall, is to provide low-performing schools training and materials known to be
markedly more effective than typical programs. No Child Left Behind, for example,
emphasizes the use of research-proven programs to help schools meet their adequate
yearly progress goals. Yet, for such a strategy to be effective, it is essential to know
what specific programs are most likely to improve mathematics achievement. The
purpose of this review is to summarize and interpret the evidence on elementary
mathematics programs in hopes of informing policies and practices designed to
reduce achievement gaps and improve the mathematics achievement of all children.

Reviews of Effective Programs in Elementary Mathematics

The No Child Left Behind Act strongly emphasizes encouraging schools to use
federal funding (such as Title I) on programs with strong evidence of effectiveness
from “‘scientifically-based research.” No Child Left Behind defines scientifically
based research as research that uses experimental methods to compare groups using
programs to control groups, preferably with random assignment to conditions. Yet,
in mathematics, what programs meet this standard? There has never been a published
review of scientific research on all types of effective programs. There have been
meta-analyses on outcomes of particular approaches to mathematics education, such
as use of educational technology (e.g., H. J. Becker, 1992; Chambers, 2003; Kulik,
2003; R. Murphy et al., 2002), calculators (e.g., Ellington, 2003), and math approaches
for at-risk children (e.g., Baker, Gersten, & Lee, 2002; Kroesbergen & Van Luit,
2003). There have been reviews of the degree to which various math programs cor-
respond to current conceptions of curriculum, such as those carried out by Project
2061 evaluating middle school math textbooks (American Association for the
Advancement of Science, 2000). The What Works Clearinghouse (2006) is doing a
review of research on effects of alternative math textbooks, but this has not appeared
as of this writing. However, there are no comprehensive reviews of research on all
of the programs and practices available to educators.

In 2002, the National Research Council (NRC) convened a blue-ribbon panel to
review evaluation data on the effectiveness of mathematics curriculum materials,
focusing in particular on innovative programs supported by the National Science
Foundation (NSF) but also looking at evaluations of non-NSF materials (Confrey,
2006; NRC, 2004). The NRC panel assembled research evaluating elementary and
secondary math programs and ultimately agreed on 63 quasi-experimental studies
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covering all grade levels, kindergarten through 12, that they considered to meet min-
imum standards of quality.

The authors of the NRC (2004) report carefully considered the evidence across
the 63 studies and decided that they did not warrant any firm conclusions. Using a
vote-count procedure, they reported that among 46 studies of innovative programs
that had been supported by NSF, 59% found significantly positive effects, 6% sig-
nificant negative effects, and 35% no differences. Most of these studies involved
elementary and secondary programs of the University of Chicago School Mathematics
Project. For commercial programs, the corresponding percentages were 29%, 13%,
and 59%. Based on this, the report tentatively suggested that NSF-funded programs
had better outcomes. Other than this very general finding, the report was silent
about the evidence on particular programs. In addition to concerns about method-
ological limitations, the report maintained that it is not enough to show differences
in student outcomes; curricula, the authors argued, should be reviewed for content
by math educators and mathematicians to be sure they correspond to current con-
ceptions of what math content should be. None of the studies combined this kind
of curriculum review with rigorous evaluation methods, so the NRC chose not to
describe the outcomes it found in the 63 evaluations that met its minimum stan-
dards (see Confrey, 2000).

Focus of the Present Review

This review examines research on all types of math programs that are available
to elementary educators today. The intention is to place all types of programs on a
common scale. In this way, we hope to provide educators with meaningful, unbi-
ased information that they can use to select programs and practices most likely to
make a difference with their students. In addition, the review is intended to look
broadly for factors that might underlie effective practices across programs and pro-
gram types and to inform an overarching theory of effective instruction in elemen-
tary mathematics.

The review examines three general categories of math approaches. One is math-
ematics curricula, in which the main focus of the reform is on introduction of alter-
native textbooks. Some of the programs in this category were developed with
extensive funding by the NSF, which began in the 1990s. Such programs provide
professional development to teachers, and many include innovative instructional
methods. However, the primary theory of action behind this set of reforms is that
higher level objectives, including a focus on developing critical mathematics con-
cepts and problem-solving skills and pedagogical aids such as the use of manipu-
latives and improved sequencing of objectives, and other features of textbooks will
improve student outcomes. Outcomes of such programs have not been comprehen-
sively reviewed previously, although they are currently being reviewed by the
What Works Clearinghouse (2006).

A second major category of programs is computer-assisted instruction (CAI),
which uses technology to enhance student achievement in mathematics. CAI pro-
grams are almost always supplementary, meaning that students experience a full
textbook-based program in mathematics and then go to a computer lab or a classroom-
based computer to receive additional instruction. CAI programs diagnose students’
levels of performance and then provide exercises tailored to students’ individual
needs. Their theory of action depends substantially on this individualization and on the
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computer’s ability to continuously assess students’ progress and accommodate their
needs. This is the one category of program that has been extensively reviewed in the
past, most recently by Kulik (2003), R. Murphy et al. (2002), and Chambers (2003).

A third category is instructional process programs. This set of interventions is
highly diverse, but what characterizes its approaches is a focus on teachers’ instruc-
tional practices and classroom management strategies rather than on curriculum or
technology. With two exceptions, studies of instructional process strategies hold
curriculum constant. Instructional process programs introduce variations in within-
class grouping arrangements (as in cooperative learning or tutoring) and in the
amounts and uses of instructional time. Their theories of action emphasize enhanc-
ing teachers’ abilities to motivate children, to engage their thinking processes, to
improve classroom management, and to accommodate instruction to students’
needs. Their hallmark is extensive professional development, usually incorporat-
ing follow-up and continuing interactions among the teachers themselves.

The three approaches to mathematics reform can be summarized as follows:

e change the curriculum,
e supplement the curriculum with CAI, or
e change classroom practices.

The categorization of programs in this review relates to a long-standing debate
in research on technology by Kozma (1994) and Clark (2001). Clark argued that
research on technology must hold curriculum constant in order to identify the
unique contributions of the technology. Kozma replied that technology and cur-
riculum were so intertwined that it was not meaningful to separate them in analy-
sis. As a practical matter, content, media, and instructional processes are treated in
different ways in the research discussed here. The mathematics curricula vary text-
books but otherwise do not make important changes in media or instructional
methods. The CAI studies invariably consider technology and curricula together;
none do as Clark suggested. Most of the instructional process studies vary only the
teaching methods and professional development, holding curriculum constant, but
a few (Team-Assisted Individualization [TAI] Math, Project CHILD, Direct
Instruction, and Project SEED) combine curricula, processes, and (in the case of
Project CHILD) media.

The categorization of the programs was intended to facilitate understanding and
contribute to theory, not to restrict the review. No studies were excluded due to
lack of fit with one of the categories. This review examines research on dozens of
individual programs to shed light on the broad types of mathematics reforms most
likely to enhance the mathematics achievement of elementary school children.

Review Method

This article reviews studies of elementary mathematics programs in an attempt
to apply consistent, well-justified standards of evidence to draw conclusions about
effective elementary mathematics programs. The review applies a technique called
“best-evidence synthesis” (Slavin, 1986, 2007), which seeks to apply consistent,
well-justified standards to identify unbiased, meaningful quantitative information
from experimental studies, and then discusses each qualifying study, computing
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effect sizes but also describing the context, design, and findings of each. Best-
evidence synthesis closely resembles meta-analysis (Cooper, 1998; Lipsey &
Wilson, 2001), but it requires more extensive discussion of key studies instead of
primarily pooling results across many studies. In reviewing educational programs,
this distinction is particularly important, as there are typically few studies of any
particular program, so understanding the nature and quality of the contribution made
by each study is essential. The review procedures, described below, are similar to
those applied by the What Works Clearinghouse (2005, 2006). (See Slavin, 2007,
for a detailed description and justification for the review procedures used here and
in syntheses by Cheung & Slavin, 2005, and by Slavin, Lake, & Groff, 2007.)

The purpose of this review is to examine the quantitative evidence on elemen-
tary mathematics programs to discover how much of a scientific basis there is for
competing claims about the effects of various programs. Our intention is to inform
practitioners, policy makers, and researchers about the current state of the evidence
on this topic and to identify gaps in the knowledge base that are in need of further
scientific investigation.

Limitations of the Review

This article is a quantitative synthesis of achievement outcomes of alternative
mathematics approaches. It does not report on qualitative or descriptive evidence,
attitudes, or other nonachievement outcomes. These are excluded not because they
are unimportant but because space limitations do not allow for a full treatment of
all of the information available on each program. Each report cited, and many that
were not included (listed in Appendix A), contain much valuable information, such
as descriptions of settings, nonquantitative and nonachievement outcomes, and the
story of what happened in each study. The present article extracts from these rich
sources just the information on experimental control differences on quantitative
achievement measures in order to contribute to an understanding of the likely
achievement affects of using each of the programs discussed. Studies are included
or excluded and are referred to as being high or low in quality solely based on their
contributions to an unbiased, well-justified quantitative estimate of the strength of
the evidence supporting each program. For a deeper understanding of all of the
findings of each study, please see the original reports.

Literature Search Procedures

A broad literature search was carried out in an attempt to locate every study that
could possibly meet the inclusion requirements. This included obtaining all of the ele-
mentary studies cited by the NRC (2004) and by other reviews of mathematics pro-
grams, including technology programs that teach math (e.g., Chambers, 2003; Kulik,
2003; R. Murphy et al., 2002). Electronic searches were made of educational data-
bases (JSTOR, ERIC, EBSCO, PsycINFO, and Dissertation Abstracts), Web-based
repositories (Google, Yahoo, Google Scholar), and math education publishers’ Web
sites. Citations of studies appearing in the studies found in the first wave were also
followed up.

Effect Sizes

In general, effect sizes were computed as the difference between experimental
and control individual student posttests, after adjustment for pretests and other
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covariates, divided by the unadjusted control group standard deviation. If the
control group standard deviation was not available, a pooled standard deviation
was used. Procedures described by Lipsey and Wilson (2001) and by Sedlmeier
and Gigerenzer (1989) were used to estimate effect sizes when unadjusted stan-
dard deviations were not available, as when the only standard deviation presented
was already adjusted for covariates or when only gain score standard deviations
were available. School- or classroom-level standard deviations were adjusted to
approximate individual-level standard deviations, as aggregated standard devia-
tions tend to be much smaller than individual standard deviations. If pretest and
posttest means and standard deviations were presented but adjusted means were
not, effect sizes for pretests were subtracted from effect sizes for posttests.

Criteria for Inclusion

Criteria for inclusion of studies in this review were as follows:

1. The studies involved elementary (K—5) children, plus sixth graders if they
were in elementary schools.

2. The studies compared children taught in classes using a given mathematics
program to those in control classes using an alternative program or standard
methods.

3. Studies could have taken place in any country, but the report had to be avail-
able in English.

4. Random assignment or matching with appropriate adjustments for any
pretest differences (e.g., ANCOVA) had to be used. Studies without control
groups, such as pre—post comparisons and comparisons to “expected” gains,
were excluded. Studies with pretest differences of more than 50% of a stan-
dard deviation were excluded, because even with ANCOV As, large pretest
differences cannot be adequately controlled for, as underlying distributions
may be fundamentally different. (See the Methodological Issues section,
later in the article, for a discussion of randomized and matched designs.)

5. The dependent measures included quantitative measures of mathematics per-
formance, such as standardized mathematics measures. Experimenter-made
measures were accepted if they were described as comprehensive measures
of mathematics, which would be fair to the control groups, but measures of
math objectives inherent to the program (but unlikely to be emphasized in
control groups) were excluded. For example, a study of CAI by Van Dusen
and Worthen (1994) found no differences on a standardized test (effect size
[ES] = +0.01) but a substantial difference on a test made by the software
developer (ES =+0.35). The software-specific measure was excluded, as it
probably focused on objectives and formats practiced in the CAI group but
not in the control group. (See the Methodological Issues section, later in the
article, for a discussion of this issue.)

6. A minimum treatment duration of 12 weeks was required. This requirement
is intended to focus the review on practical programs intended for use for the
whole year rather than on brief investigations. Brief studies may not allow
programs intended to be used over the whole year to show their full effect.
On the other hand, brief studies often advantage experimental groups that
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focus on a particular set of objectives during a limited time period while con-
trol groups spread that topic over a longer period. For example, a 30-day
experiment by Cramer, Post, and delMas (2002) evaluated a fractions cur-
riculum that is part of the Rational Number Project. Control teachers using
standard basals were asked to delay their fractions instruction to January to
match the exclusive focus of the experimental group on fractions, but it
seems unlikely that their focus would have been equally focused on frac-
tions, the only skill assessed.

Appendix A lists studies that were considered but excluded according to these
criteria, as well as the reasons for exclusion. Appendix B lists abbreviations used
throughout this review.

Methodological Issues in Studies of
Elementary Mathematics Programs

The three types of mathematics programs reviewed here, mathematics curric-
ula, CAI programs, and instructional process programs, suffer from different
characteristic methodological problems (see Slavin, 2007). Across most of the
evaluations, lack of random assignment is a serious problem. Matched designs are
used in most studies that met the inclusion criteria, and matching leaves studies
open to selection bias. That is, schools or teachers usually choose to implement a
given experimental program and are compared to schools or teachers who did not
choose the program. The fact of this self-selection means that no matter how well
experimental groups and control groups are matched on other factors, the experi-
mental group is likely to be more receptive to innovation, more concerned about
math, have greater resources for reform, or otherwise have advantages that cannot
be controlled for statistically. Alternatively, it is possible that schools that would
choose a given program might have been dissatisfied with results in the past and
might therefore be less effective than comparable schools. Either way, matching
reduces internal validity by allowing for the possibility that outcomes are influ-
enced by whatever (unmeasured) factors that led the school or teacher to choose
the program. It affects external validity in limiting the generalization of findings
to schools or teachers who similarly chose to use the program.

Garden-variety selection bias is bad enough in experimental design, but many
of the studies suffered from design features that add to concerns about selection
bias. In particular, many of the curriculum evaluations used a post hoc design, in
which a group of schools using a given program, perhaps for many years, is com-
pared after the fact to schools that matched the experimental program at pretest or
that matched on other variables, such as poverty or reading measures. The prob-
lem is that only the “survivors” are included in the study. Schools that bought the
materials, received the training, but abandoned the program before the study took
place are not in the final sample, which is therefore limited to more capable
schools. As one example of this, Waite (2000), in an evaluation of Everyday
Mathematics, described how 17 schools in a Texas city originally received mate-
rials and training. Only 7 were still implementing it at the end of the year, and 6 of
these agreed to be in the evaluation. We are not told why the other schools dropped
out, but it is possible that the staff members of the remaining 6 schools may have
been more capable or motivated than those at schools that dropped the program.
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The comparison group in the same city was likely composed of the full range of
more and less capable school staff members, and they presumably had the same
opportunity to implement Everyday Mathematics but chose not to do so. Other post
hoc studies, especially those with multiyear implementations, must also have had
some number of dropouts but typically did not report how many schools there were
at first and how many dropped out. There are many reasons schools may have
dropped out, but it seems likely that any school staff able to implement any inno-
vative program for several years is more capable, more reform oriented, or better
led than those unable to do so or (even worse) than those that abandoned the pro-
gram because it was not working. As an analog, imagine an evaluation of a diet
regimen that studied only people who kept up the diet for a year. There are many
reasons a person might abandon a diet, but chief among them is that it is not work-
ing, so looking only at the nondropouts would bias such a study.

Worst of all, post hoc studies usually report outcome data selected from many
potential experimental and comparison groups and may therefore report on espe-
cially successful schools using the program or matched schools that happen to have
made particularly small gains, making an experimental group look better by com-
parison. The fact that researchers in post hoc studies often have pretest and posttest
data readily available on hundreds of potential matches, and may deliberately or
inadvertently select the schools that show the program to best effect, means that
readers must take results from after-the-fact comparisons with a grain of salt.

Finally, because post hoc studies can be very easy and inexpensive to do, and
are usually contracted for by publishers rather than supported by research grants
or conducted for dissertations, such studies are likely to be particularly subject to
the “file drawer” problem. That is, post hoc studies that fail to find expected posi-
tive effects are likely to be quietly abandoned, whereas studies supported by grants
or produced for dissertations will almost always result in a report of some kind.
The file drawer problem has been extensively described in research on meta-analyses
and other quantitative syntheses (see, e.g., Cooper, 1998), and it is a problem in all
research reviews, but it is much more of a problem with post hoc studies.

Despite all of these concerns, post hoc studies were reluctantly included in this
review for one reason: Without them, there would be no evidence at all concerning
most of the commercial textbook series used by the vast majority of elementary
schools. As long as the experimental and control groups were well matched at pretest
on achievement and demographic variables, and met other inclusion requirements,
we decided to include them, but readers should be very cautious in interpreting their
findings. Prospective studies, in which experimental and control groups were desig-
nated in advance and outcomes are likely to be reported whatever they turn out to be,
are always to be preferred to post hoc studies, other factors being equal.

Another methodological limitation of almost all of the studies in this review is
analysis of data at the individual-student level. The treatments are invariably imple-
mented at the school or classroom levels, and student scores within schools and
classrooms cannot be considered independent. In clustered settings, individual-level
analysis does not introduce bias, but it does greatly overstate statistical significance,
and in studies involving a small number of schools or classes it can cause treatment
effects to be confounded with school or classroom effects. In an extreme form, a
study comparing, say, one school or teacher using Program A and one using
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Program B may have plenty of statistical power at the student level, but treatment
effects cannot be separated from characteristics of the schools or teachers.

Several studies did randomly assign groups of students to treatments but nev-
ertheless analyzed at the individual-student level. The random assignment in such
studies is beneficial because it essentially eliminates selection bias. However,
analysis at the student level, rather than at the level of random assignment, still con-
founds treatment effects and school or classroom effects, as noted earlier. We call
such studies randomized quasi-experiments and consider them more methodolog-
ically rigorous, all other things being equal, than matched studies, but less so than
randomized studies in which analysis is at the level of random assignment.

Some of the qualifying studies, especially of instructional process programs,
were quite small, involving a handful of schools or classes. Beyond the problem
of confounding, small studies often allow the developers or experimenters to be
closely involved in implementation, creating far more faithful and high-quality
implementations than would be likely in more realistic circumstances. Unfortunately,
many of the studies that used random assignment to treatments were very small,
often with just one teacher or class per treatment. Also, the file drawer problem
is heightened with small studies, which are likely to be published or otherwise
reported only if their results are positive (see Cooper, 1998).

Another methodological problem inherent to research on alternative mathematics
curricula relates to outcome measures. In a recent criticism of the What Works
Clearinghouse, Schoenfeld (2006) expressed concern that because most studies of
mathematics curricula use standardized tests or state accountability tests focused more
on traditional skills than on concepts and problem solving, there is a serious risk of
“false negative” errors, which is to say that studies might miss true and meaningful
effects on unmeasured outcomes characteristic of innovative curricula (also see
Confrey, 2006, for more on this point). This is indeed a serious problem, and there is
no solution to it. Measuring content taught only in the experimental group risks false
positive errors, just as use of standardized tests risks false negatives. In the present
review, only outcome measures that assess content likely to have been covered by all
groups are considered; measures inherent to the treatment are excluded. However,
many curriculum studies include outcomes for subscales, such as computation, con-
cepts and applications, and problem solving, and these outcomes are separately
reported in this review. Therefore, if an innovative curriculum produces, for example,
better outcomes on problem solving but no differences on computation, that might be
taken as an indication that it is succeeding at least in its area of emphasis.

A total of 87 studies met the inclusion criteria. Tables 1, 2, and 3 list all the qual-
ifying studies. Within sections on each program, studies that used random assign-
ment (if any) are listed first, then randomized quasi-experiments, then prospective
matched studies, and finally post hoc matched studies. Within these categories,
studies with larger sample sizes are listed first.

This article discusses conclusions drawn from the qualifying studies, but study-
by-study discussions are withheld so that the article will fit within the space
requirements of the Review of Educational Research. These descriptions appear in
alonger version of this article, which can be found at http://www.bestevidence.org/
_images/word_docs/Eff%20progs%20ES %20math%20Version%201.2%20for%
20BEE%2002%2009%2007.doc.
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Perhaps the most common approach to reform in mathematics involves adoption
of reform-oriented textbooks, along with appropriate professional development.
Programs that have been evaluated fall into three categories. One is programs devel-
oped under funding from the NSF that emphasize a constructivist philosophy, with a
strong emphasis on problem solving, manipulatives, and concept development and a
relative de-emphasis on algorithms. At the opposite extreme is Saxon Math, a back-to-
basics curriculum that emphasizes building students’ confidence and skill in computa-
tion and word problems. Finally, there are traditional commercial textbook programs.

The reform-oriented programs supported by NSF, especially Everyday Mathematics,
have been remarkably successful in making the transition to widespread commer-
cial application. Sconiers, Isaacs, Higgins, McBride, and Kelso (2003) estimated
that, in 1999, 10% of all schools were using one of three programs that had been
developed under NSF funding and then commercially published. That number is
surely higher as of this writing. Yet, experimental control evaluations of these and
other curricula that meet the most minimal standards of methodological quality are
very few. Only five studies of the NSF programs met the inclusion standards, and
all but one of these was a post hoc matched comparison.

This section reviews the evidence on mathematics curricula. Overall, 13 stud-
ies met the inclusion criteria, of which only 2 used random assignment. Table 1
summarizes the methodological characteristics and outcomes of these studies.
Descriptions of each study can be seen at http://www.bestevidence.org/_images/
word_docs/Eff%20progs%20ES %20math%20Version%201.2%?20for%20BEE %
2002%2009%2007.doc.

With a few exceptions, the studies that compared alternative mathematics curric-
ula are of marginal methodological quality. Ten of the 13 qualifying studies used post
hoc matched designs in which control schools, classes, or students were matched with
experimental groups after outcomes were known. Even though such studies are likely
to overstate program outcomes, the outcomes reported in these studies are modest.
The median effect size was only +0.10. The enormous ARC study (Sconiers et al., 2003)
found an average effect size of only +0.10 for the three most widely used of the NSF-
supported mathematics curricula, taken together. Riordan and Noyce (2001), in a post
hoc study of Everyday Mathematics, did find substantial positive effects (ES =+0.34)
in comparison to controls for schools that had used the program for 4 to 6 years, but
effects for schools that used the program for 2 to 3 years were much smaller (ES =
+0.15). This finding may suggest that schools need to implement this program for 4
to 6 years to see a meaningful benefit, but the difference in outcomes may just be a
selection artifact, due to the fact that schools that were not succeeding may have
dropped the program before the 4th year. The evidence for the impacts of all of the
curricula on standardized tests is thin. The median effect size across five studies of the
NSF-supported curricula is only +0.12, very similar to the findings of the ARC study.

The reform-oriented math curricula may have positive effects on outcomes not
assessed by standardized tests, as suggested by Schoenfeld (2006) and Confrey
(2006). However, the results on standardized and state accountability measures do
not suggest differentially strong impacts on outcomes such as problem solving or
concepts and applications that one might expect, as these are the focus of the NSF
curricula and other reform curricula.

(text continues on p. 445)
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Effective Programs in Elementary Mathematics

Evidence supporting Saxon Math, the very traditional, algorithmically focused
curriculum that is the polar opposite of the NSF-supported models, was lacking.
The one methodologically adequate study evaluating the program, by Resendez
and Azin (2005), found no differences on Georgia state tests between elementary
students who experienced Saxon Math and those who used other texts.

A review of research on middle and high school math programs by Slavin et al.
(2007) using methods essentially identical to those used in the present review also
found very limited impacts of alternative textbooks. Across 38 qualifying studies,
the median effect size was only +0.05. The effect sizes were also +0.05 in 24 stud-
ies of NSF-supported curricula and were +0.12 in 11 studies of Saxon Math.

More research is needed on all of these programs, but the evidence to date sug-
gests a surprising conclusion that despite all the heated debates about the content
of mathematics, there is limited high-quality evidence supporting differential
effects of different math curricula.

Computer-Assisted Instruction

A long-standing approach to improving the mathematics performance of
elementary students is computer-assisted instruction, or CAI. Over the years,
CALI strategies have evolved from limited drill-and-practice programs to sophisti-
cated integrated learning systems that combine computerized placement and
instruction. Typically, CAI materials have been used as supplements to classroom
instruction and are often used only a few times a week. Some of the studies of CAI
in math have involved only 30 minutes per week. What CAI primarily adds is the
ability to identify children’s strengths and weaknesses and then give them self-
instructional exercises designed to fill in gaps. In a hierarchical subject like math-
ematics, especially computation, this may be of particular importance.

A closely related strategy, computer-managed learning systems, is also reviewed
in this section as a separate subcategory.

As noted earlier, CAl is one of the few categories of elementary mathematics
interventions that has been reviewed extensively. Most recently, for example,
Kulik (2003) reviewed research on the uses of CAI in reading and math and con-
cluded that studies supported the effectiveness of CAI for math but not for read-
ing. R. Murphy et al. (2002) concluded that CAI was effective in both subjects, but
with much larger effects in math than in reading. A recent large, randomized eval-
uation of various CAI programs found no effects on student achievement in read-
ing or math (Dynarski et al., 2007).

Table 2 summarizes qualifying research on several approaches to CAl in ele-
mentary mathematics. Many of these involved earlier versions of CAI that no
longer exist, but it is still useful to be aware of the earlier evidence, as many of the
highest quality studies were done in the 1980s and early 1990s. Overall, 38 stud-
ies of CAI met the inclusion criteria, and 15 of these used randomized or random-
ized quasi-experimental designs. In all cases, control groups used nontechnology
approaches, such as traditional textbooks. For descriptions of each study, see
http://www.bestevidence.org/_images/word_docs/Eff%20progs%20ES %20math
%20Version%201.2%?20for%20BEE%2002%2009%2007.doc.

In sheer numbers of studies, CAI is the most extensively studied of all approaches
to elementary math reform. Most studies of CAI find positive effects, especially on

(text continues on p. 459)
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Effective Programs in Elementary Mathematics

measures of math computations. Across all studies from which effect sizes could be
computed, these effects are meaningful in light of the fact that CAl is a supplemental
approach, rarely occupying more than three 30-minute sessions weekly (and often alter-
nating with CAI reading instruction). The median effect size was +0.19. This is larger
than the median found for the curriculum studies (+0.10), and it is based on many more
studies (38 vs. 13) and on many more randomized and randomized quasi-experimental
studies (15 vs. 2). However, it is important to note that most of these studies are quite
old, and they usually evaluated programs that are no longer commercially available.

In the Slavin et al. (2007) review of middle and high school math programs, the
median effect size across 36 qualifying studies of CAI was +0.17, nearly identical
to the estimate for elementary CAI studies.

Although outcomes of studies of CAI are highly variable, most studies do find
positive effects, and none significantly favored a control group. Although the
largest number of studies has involved Jostens, there is not enough high-quality
evidence on particular CAI approaches to recommend any one over another, at
least based on student outcomes on standardized tests.

In studies that break down their results by subscales, outcomes are usually stronger
for computation than for concepts or problem solving. This is not surprising, as CAI
is primarily used as a supplement to help children with computation skills. Because
of the hierarchical nature of math computation, CAI has a special advantage in this
area because of its ability to assess students and provide them with individualized
practice on skills that they have the prerequisites to learn but have not yet learned.

Instructional Process Strategies

Many researchers and reformers have sought to improve children’s mathemat-
ics achievement by giving teachers extensive professional development on the use
of instructional process strategies, such as cooperative learning, classroom man-
agement, and motivation strategies (see Hill, 2004). Curriculum reforms and CAI
also typically include professional development, of course, but the strategies
reviewed in this section are primarily characterized by a focus on changing what
teachers do with the curriculum they have, not changing the curriculum.

The programs in this section are highly diverse, so they are further divided into
seven categories:

cooperative learning,

cooperative/individualized programs,

direct instruction,

mastery learning,

professional development focused on math content,

professional development focused on classroom management and motiva-
tion, and

7. supplemental programs.

Sk W=

A total of 36 studies evaluated instructional process programs. Table 3 summa-
rizes characteristics and outcomes of these studies. For discussions of each
study, see http://www.bestevidence.org/_images/word_docs/Eff%20progs%20ES %
20math%20Version%201.2%20for%20BEE %2002 %2009%2007.doc.

(text continues on p. 475)

459

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

(panu1juod)

Suraaryoe
Y10+ MOT
Suraaryoe
01°0+ oFeIoAY (2002)
Suraaryoe JS16) sjuopnis JuowiLadxo [emod %
60°0+ Y31y ‘sysaja1d UIQ)SBAYINOS %43 -1senb ‘ueIpzE X
010+ LVS Uuo pPaydIeIA ur SooydS 1 ‘SASSB[O )7 SYPIm 9] pozrwopuey] ‘Syon,j ‘syong
STvd
"S9IBLIBAOD
Se poAlas (€661)
JUSWIAIYO® euseIuoIN
1s9301d pue » ‘Kopn
OI 'sdnoi3 K1) sesuey| ‘AIIa],
) ueaM)eq Jo vore ‘poOMURID)
JUQIDJJIP uejrjodonow pue (6861)
dn-morjoy Apueoyrusis ur 101SIp juowrradxe [[eH 2
€T 0+ Ieak-7 jou a10m SHS [00yos -1senb ‘upenbroq
€0t IVIN  puesatoos O  Aueaod-y3rg -1 s|uapIS €71 s1eAA pozIwopuRy — ‘pPOOMUIL)
Sunon], 1094 apImsse[)
urures] aaneradoo)
9Z18 dnoi3qns Kyrenba SONSLIAJORIRYD JpeIn) N uonem ugisaq Apms
1932 pue 1sansod [en1ur jo qrdureg
[[eIeAQ Aq s9z1s Q0uapIAYg
10934

sa1pnys Suikfijpnb 1of sa218 102[f2 pup uoyvuLLoful 2413d11982(] 213210418 §8200.4d [PUOONLISU]
€HT1dV.L

460

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

(panuijuod)
0T 0+ Aiqesiq
[0+  Suiaemyoe mog
Suraaryoe
00— ERARIN
$8°0+  Suraaryoe Y31y
LVS
S90+ Aiqesiq
Suraaryoe
[0+ MO
Suraaryoe
750+ ERARIN
Suraaryoe L1 sjuopnis juowradxa (1002)
10— Y31 ‘s3s9yo1d wI9)SLaYINOS 82T -1senb suIey] %
20+ LVSHS uo PIYIIBN ur S[ooydS S ‘S1910B9) () SYOOM G| pozIwopuey ‘syony ‘syong
az1s dnoi3qns Anrenbo SONSLIv)ORIBYD pein) N uoneing u31soq Apmgs
10930 pue 3sapsod [enmut jo ordwreg
[[eIAQ Kq soz1s QoupIAY
109439
(ponunuod) ¢ IdVL

461

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

(panu1juod)

SIOAQIYOR
690+ YSIH
SIOAQIYOR
980+ Mo
159) [ovIs| juowrrradxo
pau3isap 'sysojaxd ul [00yos -1senb (1661)
09°0+ -IoyoRa, uo paydIeI SHS Mo € SIUAPNIS G SYooM T  pozIwopuey] [OATBAJN
SI0 X MAN
‘puels|
Suog
'sysajard ur JoImsIp sjuapmIs
uo paydjewt ueqIngns 1847 juowrrradxo
quowugisse ‘QSIQAIP ‘sasse[od -1senb (6861)
10°0+ S4.LI wopuey SN (VIRIN G-¢ 7 ‘S[ooyds ¢ Syiuow 9 - pAzZIwopuey UBWISSL[D)
uors  “soyderSowop
10°0+ -uoyardwo) ‘s1s0)a1d syjuopmys
o¢'0+ uonendwo)  uo paydEw Sse[o
159} paseq JuowrugIsse -9[ppru juowrugIsse (S861)
610+ -0A122[q0 wopuey ‘[00yds I[[orIS] S sjuapnIs /9 SYooMm G wopuey [OATBAJN
av.is
9718 dnoi3qns Kypenba SONSLIAJORIRYD Jpe1n N uonein( uSsoq Apmig
109JJ0 pue 1sapsod [enmur jo ordureg
[[e1A0 Kq sozrs QoupIAY
199439
(penunuod) ¢ FIGV.L

462

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

(panuijuod)
Sjuopms (cs61)
'sysayo1d puBAIRIA 8¢ JuomIuIISse JoMIeY]
8T 0+ SdID uo poydIR]Nl  ‘UMOISIdSEH G-¢ ‘s9sse[d /] SYooMm 9T wopuey 2 UIAR[S
IVL
sure13o1q pazifenpiarpu/oaneradoo))
08°0+ SsIoadmyoe ySIyg
08°0+  SIQAQIYOE MO 'sysaroxd
159) Uuo paydjew [oRIST juowrrradxo
pausisop quowugIsse ur [00Y2s -1senb (1661)
GG 0+ R elipl) wopuey SHS Mo € SJUAPNIS G SYooM T  pozIwopuey] UOOIRAJIN
SjuapMnIs
170+ uorsuayardwo) 'sysayo1d sse[o
9¢" 0+ uvoneindwo)  uo payojewr -o[ppIuu
189) paseq QuowugIsse ‘Jooyos juowugIsse (s861)
670+ -0A193[q0 wopuey T[oRIS] S sjuapnIs /9 SYooMm G wopuey [OATCAJN
Sururea| A19ISeA WL ], JuIpnIs
Surureo
JoIs9], BISQuOpuy sjuapnIs
[ooyos  -sonjderSowap [ean1 $99
Arejuowog ‘sysoyaxd SsoIo® ‘SASSB[O O¢ (8661)
ov'0+ ueISQUOpPU[ uo paydIeIN S[ooyos G-¢ ‘sjooyos O] syjuow 4 paydIRIN ojueAng
EVAY dnoi3qns Kyrenbo SONSLIdJORIRYD JpeIn) N uoneInq ugdisoq Apmis
100JJ0 pue 3sopsod [enmr jo ordwreg
[[e19AQ Kq sazis QouapIAg
1994

(ponunuod) ¢ A1IVL

463

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

(panuiuod)

suonjeorjdde
€0+  puesydoouo)
610+ uonendwo) puejAIeIN
spaau [eroads “Qrowmneg
YIIM SJuIpnIS Jo qn
suonjeorjdde -qns sse[o (a¥861)
010+  pue sidoouo) 's3so3a1d -o[ppIu sjuapnys KoAaeo|
810+ uoneinduwio) LVD Ut pajedo[ L9€°T % ‘USPPEIN
+1°0+ SdLD uo pAYNBN S[ooyos ‘5SSO 66 SYOIM T PaydIeIN ‘UIAR[S
suonjeordde
000 pue sydoouo) Areme[( Sjuapnys (6861)
9L°0+ uonendwo) “UOISUITAN 71T juowrudIsse JIoMIBY|
8¢ 0+ SdLD Kyo-1euuy ‘59SSB[O O] Syoam Q] wopuey 2 UIAR[S
suoneordde
90'0+  pue sydoouo)
1970+ uoneindwo)
[oNU0D "SA [V.L
suonjeorjdde
100+  pue sidoouo)
6€°0+ uonendwo)
dINIA SA TV.L
E7AY dnoi3qns Kyrenbo SONSLId)ORIRYD N uoneinq uS1so(q Apmis
109130 pue 1sapsod [entur jo ordureg
[[eI9AQ Kq sozrs QOUAPIAY
199439

(penunuod) ¢ HIdV.L

64

<

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

(panuiuod)
suoneorjdde
610+ pue sydoouo)
650+ uonendwo)
SJUAPNIS PAYYID
suoneordde
G0+ pue sydoouo)
650+ uoneindwo))
spoau [eroads
YIM SJUIpMS qInqns
suoneordde rouneg
010+ pue sydoouo)  ‘somydeiSowop ISIOAID sjuopnis (S661)
620+ uoneindwo) ‘sysara1d ur pajedo| €L8 UTAR[S %
020+ 1VD uo paydIeI S[o0ydS 9-C ‘SOSSEO Gt S1BAA POUOIRIAl  SUQAQIS [ Y
azIs dnoi3qns pue Kyrenbo SONSLIQJOBIRYD apeIn N uoneIn(y uSsoq Apmis
1091J9 3sonsod Aq sazis [enrur jo ordwreg
[[BIAQ 19°Jd QOUIPIA]

(ponupuod) ¢ I9V.L

465

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

(panuijuod)

3urafos
woyqod ‘s1so1a1d
10°0+ pue sydeouo) uo payojewr UTSUOISTA\ (9661)
L0+ uonendwo) “uowudisse uIylIou sjuapn)s juowugIsse piojmer)
970+ LVN wopuey Ul [00YdS [eIny ¥ 9t ‘JooYyds | Ieok | wopuey 29 19pIug
JOIND
UOT)ONISUT JOATI(
BpLIO[]
$159) JsomylIou SyuapMIs
JUSUWIAIYO® 'sysojord  pue jseayiiou 981
690+ PpazZIpIepuels Uo paydreN Ut sjooyss ST ‘S|o0yds g steok ¢ PaUIEN (1661) 10
ATIHD 102fo1d
T 0- sydoouo)
110~ uoneindwo) BIUBA[ASUUD]
159) ‘Smqstuey (€661)
pozipIepue)s )91 JoIMSIp  JO qIngns Jud P RIUIEIN
11°0— PISIq uo paydIeIAl  -N[jJe Ul [00YdS Sy SJUApMIS 69T Ieak | PaydIBIA 2 Jodrey|
9718 dnoi3qns Kyrenbo SONSLIOYORIRYD ape1n N uoneIn u3iseg Apms
109530 pue 3sopsod [entr jo ordureg
[[eI9A0 Kq saozis QouopIAg

10954

(ponunuod) ¢ g1dV.L

466

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

(panu1juod)

L6°0+ suonerado
LT'0+  SuIA[0S "qoid
adVas sidoouo)
S4lI
0s'0+  suopedrddy oyepy (r661)
uosuyor 'sysajord ‘astog SyuapnIs Suimyg
750+ -)009POO A\ uo paydIeIN ur [ooyoS 9°G Gy ‘Tooyds | SIBOA 7 pozrwopuey 29 UISSOID)
uonoNNSuJ 1011 A[PUSLL]-19s)
SurA[os
wopqold
60+  puesydoouo) UTSUOISTAA (0002)
€e0+ uonendwo) ‘s3saja1d uIdy}Iou ur SJuopMYS ooy I9pIus
170+ LVN uo paydIe]yl  [00YDS [eIny] ¥ 6 ‘Tooyds | 120K [ 3sod payojelN 29 pIojmel)
1DD/AeM
suoneorddy Ioy,
89°0+  pue s1daouo) ISOMPIN SometaeA (S661)
cre+ uonendwo) 's3saroxd ueqingns 19 DIND Sunf
ee I+ SdLD Uo paydreN ur [ooyss (A [T -S)uopmjs 88 s1eak g PaydIEN % ToAle],
zZ1S dnoi3qns Ayrenba SONSLIAJORIRYD Jpeln) N uoneIn ugsoq Apmg
109J30 pue 1sopsod [eniur jo odwres
[[eIAQ Aq saozrs oupIAYg
109JJd

(ponunuod) ¢ HI1IVL

467

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

(panuijuod)

BUOYRO
ur S)oLSIp
LT0~ ¢ opein) “soryderSowap ueqinqgns
600~ T dpein ‘sysaroxd ur pajeoo| ooy (6861)
810~ 9-LVIN uo paydIeIA s[ooyos ST SyuapnIs O | IeoA 1 3sod payoje]N I93UOIN
TINOSSTIAL
uIo
'sysayoxd -1SOMIINOS
ot Sd.LI uo paydreN ut [ooyss S Syuepms €/ 1 sypuowr 9 POUNBIN  (9861) X0D
0T+  sIoadyoe YySIy 's3saroxd
OI'T+  SIOAQIYOE MO  UO paydjewr [oRIST juowrtrodxo
159) pausgIsop ‘sjuomIuIISSe ur [001]0s -1senb (1661)
801+ -19UoBa, wopuey SHS Mo ¢ SJUApMIS G§ SYoOM T  pozIwopuey UOAIRAJIN
‘soryderSowap sjuopnis
{70+ uorsuayaidwo) ‘s3s9321d sse[o
S0+ uoneindwo)  uo payojew -o[ppruu
1597, paseq Quowugisse -[ooyos juowugIsse (s861)
o+ -0An22[qO wopuey T[ORIS] S SjupMIS /9 Syoam G wopuey UOAIBAJA
Sururea K191SeIA
Sururea| A19)Se]N
az1s dnoi3qns Kyenbo SONSLIv)ORIRYD opein) N uoneing udisog Apmis
1091J9 pue jsansod [enit jo odureg
[[eIRAQ Aq sazrs QoupIAYg

19954

(ponunuod) ¢ H1AVL

468

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

(panuijuod)

(9002)
uopIon)
2% ‘elloN
‘uewoy
-uoxI(J
‘solydesSowap qingns SjuapMIS IR AA
‘sysayaxd IO X MON 0zl ‘sewoy,
70+ BAON BIIQJ, U0 paydIeIA ur S[ooydS ¢ ‘ST00YdS 7 Ieok | PaydIRIN -InOwIy
K3o3epad
orweukq
(6861)
3207
Surajos 'sysarord UTSUOIST AN 2% ‘Suery)
ST 0+ wv[qoId  UO paydjeut ‘UOSTPEIA juowrrrodxo ‘u0sIaRd
0+ uvoneindwo)  ‘yuowugisse punoie pue -1senb PUIOUUI
YT 0+ S4LI wopuey ur S[ooydS I SI0UIL9) Of IedK | poziwopuey ‘royuadre)
190)
JUIUOD IR UO PAsndo Judwdo[oAdp [BUOISSIJOI]
10— sydoouo)
Sura[os (9L61)
L0°0+ wo[qoid ‘saInseaut oo yoopny
LT0+ uonendwo)) Aqe ‘puB[aA) ooy 2 ‘N00S
$0°0+ 1LvVD Uo paydle]y  JBau S[00YOS o-1 S[o0Y9Ss ¢ Ieok [ 1sod payoreN ‘uosIapuy
718 dnoi3qns Kyenba SONSLIAJOBIRYD JpeIn N uoneIn u3isog Apmig
100J30 pue 3sopsod [enmur jo ordwreg
[[eIAQ £q saz1s Qou9pIAg
19954

(ponunuod) ¢ 4I19V.L

469

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

(panuiuod)

oLnsIp
[ooyos
'sys9ard wI)som
uo payodjew -ynos juowrrrodxa (6L61)
QuowruIsse ERA| SIOUOLI) 6E -1senb poon
o+ Vis wopuey ur S[ooydS ¥ ‘S0oy9s 8¢ SYooM G]  pozrwopuey 29 IorowIqy
‘soryderSowap
‘sysayaxd JOLISIp
uo payojewr [ooyos juowLradxo (6L61)
quowugIsse ‘ewoyepRO SIoUIL) Of -1senb SMNOID
€eot Vis wopuey| ‘es[nL, ¥ ‘S[00Y2s LT sqiuowt ¢ paziwopuey 7 pood "1 L
SSe[o
620+ -o10ym JININ ‘s3saja1d pue[AIRIN
dnoi3 uo payojewt ‘umolsioge| syuapnis (G861)
$8°0+ -om) JINJN ~ QuowugIsse  punole pue 99¢ juowugIsse JoMIeS]
LS 0+ SdLD wopuey| ur sjooyss G-¢ ‘sasse[d 7¢ SYo3Mm 9T wopuey % UIAR[S
dNIN
UOT)BATIOW PUE JUIWSBUBW WOOISSL[O U0 PAsnd0] Juawdo[oAdp [eUOISSJoIq
zZ1S dnoi3qns Ayrenba SONSLIAJORIRYD Jpeln) N uoneInq ugsoq Apmg
109)30 pue 3soysod [eniur jo ordwres
[[eIAQ Aq saozrs Q0oupIAYg
19944

(ponunuod) ¢ J19V.L

470

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

(ponunuod)

‘sorydess
-owop S[00YoS
‘sysora1d onqng o0y
€S0+ 6-pIojuels uo paydIeI NIeMIN SJUAPNIS 9Gt 3sod payore]  (900¢) rundQ
oune|
Kurew
SyjuapmS
'sa1e)S
pajun
1SeMINOS
oy ut Ko (1002)
‘soydergowap ueqJn o3Ie[ sjuopmls ZJUQI0|
‘sysoya1d ur s[ooyos (579 20y 29 ‘[[ouuo)
€e 0+ SVV.L uo paydleI 1 1dey) ‘sjooyos £, 3sod paydreIA ‘Fraqrarg
sexa],
‘uoIsnoy
SIS ur S[o0yos (0661)
[eWTuI JO Kyourur urdls
juowssassy  -somydeiSowop -ysy sjuopnys IedA | 29 ‘JOSIAI],
[euoneonpyg ‘s1sjo1d  “‘Suruaojaad 669 Ieak | ploli| ‘gosoyoId
or'0+ SexdL, ‘O-LVIN uo paydIeI -MOT ‘sjooyos 0]  S1eaAz 03 [ 1sod payoleN ‘Sroqrong
adno
qz18 dnoi3qns Kypenbo SONSLIgYORIRYD N uoneIn u3isaq Apms
109530 pue 3sepsod [entr jo ordureg
[[eI9AQ Kq sazrs QouApIAYg
109439

(ponunuod) ¢ H19V.L

471

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

(panuiuod)

650+ swoqoid 10
suoneorjdde
790+  pue sydoouo)
€00+ uornoenqng
9¢0+ uonippy
aInseaur
pew SuI
-1uowrnadxg 1 SJuopMmIS
swarqoad JOINSIp
600+ porddy ueyrjod
96°0+ suonje[nore) “somydeidowop Rohikliigite]
uosuyor ‘s)sa901d -1SBAYINOS juowugsse (S002)
LE O+ -009P00 M uo paydIeIN ur S[ooydS SYoaMm 9T wopuey  [e 319 syong
Sunoim dnoi3-[ewg
swei3oid reyuoworddng
zIs dnoi3qns Kyenbo SONSLI)ORIRYD uoneIn ugsoq Apmg
10919 pue 1sansod [enmur jo ordwesg
[[eIAQ £q soz1s 0UAPIAY
19954

(ponunuod) ¢ 19V.L

472

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

(panunuod)

€L’ 0+

Sro+

9°0+
L0+
eL’o+

890+
860+
09°0+

ot
ceo+
6C 0+

sydoouo)
uonendwo)
[eI0L e\
ainsodxo
agdas
SI0)JSUIAS ¢
sydoouo)
uonenduwo)
€101, YreN
ainsodxo
agdas
SI0)SUIAS 7
sydoouo)
uonenduwo)
[e10L, YreN
ansodxo

dagds
I0)SoUIAS |

LVD

LIND
19)Je pajopowt
JUQWISSISS Y

‘soryderSowrop
‘sysoyard
Uo PaYoIBIN

‘soryderSowrop
‘s1s9y21d
uo paydIeI

S[00YDS
a1qnd
J1019(Q

INONOUUOD)
‘UaARH
MIN

ur S[ootdS

64T
1€ QIAD
866 1T
QLD (TEL
11 9PAD o0y (S661)
o-1 SJUIPMS  SIASAWAS ¢- umom PRUdINIRIN  JASGIM ‘M
aggs weloig

sjuapms

L8S (9002)
S ‘SO0OYds ¢ syuout 9 POYOIBJAl  90INOS 18I

sjuno)) Ae(q A1oag

oz1s
1093J0
[TeIoAQ

dnoi3qns pue
ysansod Aq sozis
19914

Kyrenbo
[entur jo
QouopIAyg

SONSLIOBIRYO
ordweg

ape1n N uonein( uS1soq Apmig

(penunuod) ¢ IdV.L

473

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

‘suorjeIAIqqe Jo 9[qe) oy 10J g xipuaddy 99§ 210N

LT 0+ SaINpad0Id
Sura[os
woyqoxd (8661)
870+  pue sydoouo) -somderSowop S[ooyoS uapAiq
ST o+ 210} IR ‘sysaroxd orqng o0y 29 19)SQIA
scot 9-LVIN uo paydIeN Jonaa € Syuapms 09 syoom +4 [ 1s0d paydte|N TMm
718 dnoi3qns Kyenbo 1SLIRJORIRYD Jpeln) N uoneIn(g u3soq Apmgs
109)30 pue 3seysod [entur jo ordureg
[[BI9AQ Aq saz1s QoudpIAg
10954
(penunuod) ¢ F1AV.L

474

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com
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Research on instructional process strategies tends to be of much higher quality
than research on mathematics curricula or CAI. Out of 36 studies, 19 used random-
ized or randomized quasi-experimental designs. Many had small samples and/or
short durations, and in some cases there were confounds between treatments and
teachers, but even so, these are relatively high-quality studies, most of which were
published in peer-reviewed journals. The median effect size for randomized stud-
ies was +0.33, and the median was also +0.33 for all studies taken together.

The research on instructional process strategies identified several methods with
strong positive outcomes on student achievement. In particular, the evidence sup-
ports various forms of cooperative learning. The median effect size across 9 studies
of cooperative learning was +0.29 for elementary programs (and +0.38 for middle
and high school programs; see Slavin et al., 2007). Particularly positive effects were
found for Classwide Peer Tutoring (CWPT) and Peer-Assisted Learning Strategies
(PALS), which are pair learning methods, and Student Teams-Achievement Division
(STAD) and TAI Math, which use groups of four. Project CHILD, which also uses
cooperative learning, was successfully evaluated in 1 study.

Two programs that focus on classroom management and motivation also had
strong evidence of effectiveness in large studies. These are the Missouri
Mathematics Project, with three large randomized and randomized quasi-experiments
with positive outcomes, and Consistency Management & Cooperative Discipline®
(CMCD). Positive effects were also seen for Dynamic Pedagogy and Cognitively
Guided Instruction (CGI), which focus on helping teachers understand math con-
tent and pedagogy. Four small studies supported direct instruction models,
Connecting Math Concepts, and User-Friendly Direct Instruction.

Programs that supplemented traditional classroom instruction also had strong pos-
itive effects. These include small-group tutoring for struggling first graders and Project
SEED, which provides a second math period focused on high-level math concepts.

The research on these instructional process strategies suggests that the key to
improving math achievement outcomes is changing the way teachers and students
interact in the classroom. It is important to be clear that the well-supported programs
are not ones that just provide generic professional development or professional
development focusing on mathematics content knowledge. What characterizes the
successfully evaluated programs in this section is a focus on how teachers use
instructional process strategies, such as using time effectively, keeping children pro-
ductively engaged, giving children opportunities and incentives to help each other
learn, and motivating students to be interested in learning mathematics.

Overall Patterns of Qutcomes

Across all categories, 87 studies met the inclusion criteria for this review, of
which 36 used randomized or randomized quasi-experimental designs: 13 studies
(2 randomized) of mathematics curricula, 38 (11 randomized, 4 randomized quasi-
experimental) of CAI, and 36 (9 randomized, 10 randomized quasi-experimental)
of instructional process programs. The median effect size was +0.22. The effect
size for randomized and randomized quasi-experimental studies (n = 36) was
+0.29, and for fully randomized studies (n = 22) it was +0.28, indicating that
randomized studies generally produced effects similar to those of matched
quasi-experimental studies. Recall that the matched studies had to meet stringent
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methodological standards, so the similarity between randomized and matched out-
comes reinforces the observation made by Glazerman, Levy, and Myers (2002) and
Torgerson (2006) that high-quality studies with well-matched control groups pro-
duce outcomes similar to those of randomized experiments.

Overall effect sizes differed, however, by type of program. Median effect sizes
for all qualifying studies were +0.10 for mathematics curricula, +0.19 for CAI
programs, and +0.33 for instructional process programs. Effect sizes were above
the overall median (+0.22) in 15% of studies of mathematics curricula, 37% of
CAlI studies, and 72% of instructional process programs. The difference in effect
sizes between the instructional process and other programs is statistically signif-
icant (2= 15.71, p < .001).

With only a few exceptions, effects were similar for disadvantaged and middle-
class students and for students of different ethnic backgrounds. Effects were also
generally similar on all subscales of math tests, except that CAI and TAI Math gen-
erally had stronger effects on measures of computations than on measures of con-
cepts and applications.

Summarizing Evidence of Effectiveness for Current Programs

In several recent reviews of research on outcomes of various educational pro-
grams, reviewers have summarized program outcomes using a variety of standards.
This is not as straightforward a procedure as might be imagined, as several factors
must be balanced (Slavin, 2008). These include the number of studies, the average
effect sizes, and the methodological quality of studies.

The problem is that the number of studies of any given program is likely to be
small, so simply averaging effect sizes (as in meta-analyses) is likely to overempha-
size small, biased, or otherwise flawed studies with large effect sizes. For example,
in the present review, there are several very small matched studies with effect sizes
in excess of +1.00, and these outcomes cannot be allowed to overbalance large and
randomized studies with more modest effects. Emphasizing numbers of studies can
similarly favor programs with many small, matched studies, which may collectively
be biased toward positive findings by file drawer effects. The difference in findings
for CAI programs between small numbers of randomized experiments and large
numbers of matched experiments shows the danger of emphasizing numbers of stud-
ies without considering quality. Finally, emphasizing methodological factors alone
risks eliminating most studies or emphasizing studies that may be randomized but
are very small, confounding teacher and treatment effects, or may be brief, artificial,
or otherwise not useful for judging the likely practical impact of a treatment.

In this review, we applied a procedure for characterizing the strength of the evi-
dence favoring each program that attempts to balance methodological, replication,
and effect size factors. Following the What Works Clearinghouse (2006), the
Comprehensive School Reform Quality Center (2005), and Borman, Hewes,
Overman, and Brown (2003), but placing a greater emphasis on methodological
quality, we categorized programs as follows (see Slavin, 2007):

O Strong evidence of effectiveness—at least one large randomized or
randomized quasi-experimental study, or two smaller studies, with a median
effect size of at least +0.20. A large study is defined as one in which at least 10
classes or schools, or 250 students, were assigned to treatments.
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© Moderate evidence of effectiveness—at least one randomized or
randomized quasi-experimental study, or a total of two large or four small
qualifying matched studies, with a median effect size of at least +0.20.

®@ Limited evidence of effectiveness—at least one qualifying study of any
design with a statistically significant effect size of at least +0.10.

O Insufficient evidence of effectiveness—one or more qualifying study of any
design with nonsignificant outcomes and a median effect size less than +0.10.
N No qualifying studies.

Table 4 summarizes currently available programs falling into each of these cat-
egories (programs are listed in alphabetical order within each category). Note that
programs that are not currently available, primarily the older CAI programs, do not
appear in the table, as it is intended to represent the range of options from which
today’s educators might choose.

In line with the previous discussions, the programs represented in each category
are strikingly different. In the Strong Evidence category appear five instructional
process programs, four of which are cooperative learning programs: Classwide
Peer Tutoring, PALS, STAD, and TAI Math. The fifth program is a classroom
management and motivation model, the Missouri Mathematics Project.

The Moderate Evidence category is also dominated by instructional process
programs, including two supplemental designs, small-group tutoring, and Project
SEED, as well as CGI, which focuses on training teachers in mathematical con-
cepts, and CMCD, which focuses on school and classroom management and moti-
vation. Connecting Math Concepts, an instructional process program tied to a
specific curriculum, also appears in this category. The only current CAI program
with this level of evidence is Classworks.

The Limited Evidence category includes five math curricula: Everyday
Mathematics, Excel Math, Growing With Mathematics, Houghton Mifflin
Mathematics, and Knowing Mathematics. Dynamic Pedagogy, Project CHILD, and
Mastery Learning—instructional process programs—are also in this category, along
with Lightspan and Accelerated Math. Four programs, listed under the Insufficient
Evidence category, had only one or two studies, which failed to find significant dif-
ferences. The final category, No Qualifying Studies, lists 48 programs.

Discussion

The research reviewed in this article evaluates a broad range of strategies for
improving mathematics achievement. Across all topics, the most important con-
clusion is that there are fewer high-quality studies than one would wish for.
Although a total of 87 studies across all programs qualified for inclusion, there
were small numbers of studies on each particular program. There were 36 studies,
19 of which involved instructional process strategies, that randomly assigned
schools, teachers, or students to treatments, but many of these tended to be small
and therefore to confound treatment effects with school and teacher effects. There
were several large-scale, multiyear studies, especially of mathematics curricula,
but these tended to be post hoc matched quasi-experiments, which can introduce
serious selection bias. Clearly, more randomized evaluations of programs used on
a significant scale over a year or more are needed.
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TABLE 4

Summary of evidence supporting currently available elementary mathematics

programs

© Strong evidence of effectiveness
Classwide Peer Tutoring (IP)

Missouri Mathematics Project (IP)
Peer-Assisted Learning Strategies (IP)
Student Teams—Achievement Divisions (IP)
TAI Math (IP/MC)

© Moderate evidence of effectiveness

Classworks (CAI)

Cognitively Guided Instruction (IP)

Connecting Math Concepts (IP/MC)

Consistency Management & Cooperative Discipline® (IP)
Project SEED (IP)

Small-group tutoring (IP)

@ Limited evidence of effectiveness
Accelerated Math (CAI)

Dynamic Pedagogy (IP)

Every Day Counts (IP)

Everyday Mathematics (MC)

Excel Math (MC)

Growing With Mathematics (MC)
Houghton Mifflin Mathematics (MC)
Knowing Mathematics (MC)
Lightspan (CAI)

Mastery Learning (IP)

Project CHILD (IP/CAI)

O Insufficient evidence

Math Steps (MC)

Math Trailblazers (MC)

Saxon Math (MC)

Scott Foresman—Addison Wesley (MC)

N No qualifying studies

Academy of Math® (CAI)
Adventures of Jasper Woodbury (IP/CAI)
Advanced Learning System (CAI)
AIMSweb® Pro Math (CAI)
Approach & Connect (IP)

Barrett Math Program (IP)

Blast Off Math (IP)

Box It or Bag It (IP)

BoxerMath (CAI)

Breakaway Math (IP)
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TABLE 4 (continued)

Breakaway Math (IP/MC)

Bridges in Mathematics (MC)
Buckle Down (IP)

Building Math Ideas (IP)

Compass Learning (current version) (CAI)
Connected Tech (CAI)

Corrective Math (MC)

Count, Notice, & Remember (IP)
Destination Math Series (CAI)
Elementary Math With Pizzazz! (IP)
Facts for Life (IP)

Facts that Last (IP)

First in Math® (CAI)

Foundations in Math (IP/MC)

Great Explorations in Math and Science (IP/MC)
Groundworks (IP)

Harcourt Math (MC)

HeartBeeps® (CAI)

Investigations in Number, Data, and Space (MC)
Journey Math (CAI)

JumpStart Math (CAI)

Knowledge Box® (CAI)

Larson’s Elementary Math
LearnStar (CAI)

Macmillan McGraw-Hill Math (MC)
Mastery Math (MC/IP)

Math Achievement Predictors (IP)
Math Advantage (MC)

Math Blasters (CAI)

Math Central (MC)

Math Coach (MC/IP)

Math Explorations and Applications (MC)
Math Expressions (MC)

Math to Know (IP)

Math Made Easy (CAI)

Math Matters (IP)

Math & Me Series (MC)

Math & Music (CAI)

Math in My World (MC)

Math for the Real World™ (CAI)
Math Their Way (MC)

MathAmigo (CAI)

Mathematics Plus (MC)
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TABLE 4 (continued)

Mathematics Their Way (MC)
MathFact (IP)

Mathletics (MC)

MathRealm (CAI)

MathStart® (IP)

MathWings (IP/MC)

McGraw-Hill Mathematics (MC)
Moving with Math® (MC/IP)

New Century Integrated Instructional System (IP/CAI)
New Century Mathematics (MC)
Number Power (MC)

Number Worlds (MC/IP)

Numeracy Recovery

Opening Eyes to Mathematics

Orchard Mathematics (CAI)

PLATO® (CAI)

Problem Solving Step by Step (IP/MC)
Progress in Mathematics (MC)

Project IMPACT (IP)

Project M3: Mentoring Mathematical Minds (MC)
Rational Number Project (MC)

Real Math (MC)

Reciprocal Peer Tutoring (IP)

Scott Foresman Math Around the Clock (IP/MC)
Singapore Math (MC)
SkillsTutor/CornerStone2 (CAI)
Strategic Math Series (IP)

Strength in Numbers (IP)
SuccessMaker (CAI) (Current version)
Thinking Mathemementally (IP)
Time4Learning (MC)

TIPS Math (IP)

TouchMath (IP)

Visual Mathematics

Voyages (IP/MC)

Waterford Early Math (CAI)

Yearly Progress Pro (CAI)

Note. 1P = instructional process strategies; MC = mathematics curricula; CAI = computer-
assisted instruction.

This being said, there were several interesting patterns in the research on elemen-
tary mathematics programs. One surprising observation is the lack of evidence that
it matters very much which textbook schools choose (median ES =+0.10 across 13
studies). Quality research is particularly lacking in this area, but the mostly matched
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post hoc studies that do exist find modest differences between programs. NSF-
funded curricula such as Everyday Mathematics, Investigations, and Math
Trailblazers might have been expected to at least show significant evidence of effec-
tiveness for outcomes such as problem solving or concepts and applications, but the
quasi-experimental studies that qualified for this review find little evidence of
strong effects even in these areas. The large national study of these programs by
Sconiers et al. (2003) found effect sizes of only +0.10 for all outcomes, and the
median effect size for 5 studies of NSF-funded programs was +0.12.

It is possible that the state assessments used in the Sconiers et al. (2003) study
and other studies may have failed to detect some of the more sophisticated skills
taught in NSF-funded programs but not other programs, a concern expressed by
Schoenfeld (2006) in his criticism of the What Works Clearinghouse. However, in
light of the small effects seen on outcomes such as problem solving, probability
and statistics, geometry, and algebra, it seems unlikely that misalignment between
the NSF-sponsored curricula and the state tests accounts for the modest outcomes.

Studies of CAI found a median effect size (ES =+0.19) higher than that found
for mathematics curricula, and there were many more high-quality studies of CAI
A number of studies showed substantial positive effects of using CAI strategies,
especially for computation, across many types of programs. However, the highest
quality studies, including the few randomized experiments, mostly found no sig-
nificant differences.

CAI effects in math, although modest in median effect size, are important in
light of the fact that in most studies CAI was used for only about 30 minutes three
times a week or less. The conclusion that CAl is effective in math is in accord with
the findings of a recent review of research on technology applications by Kulik
(2003), who found positive effects of CAI in math but not in reading.

The most striking conclusion from the review, however, is the evidence sup-
porting various instructional process strategies. Twenty randomized experiments
and randomized quasi-experiments found impressive affects (median ES =+0.33)
for programs that target teachers’ instructional behaviors rather than math content
alone. Several categories of programs were particularly supported by high-quality
research. Cooperative learning methods, in which students work in pairs or small
teams and are rewarded based on the learning of all team members, were found to
be effective in 9 well-designed studies, 8 of which used random assignment, with
a median effect size of +0.29. These included studies of Classwide Peer Tutoring,
PALS, and STAD. Team Accelerated Instruction, which combines cooperative
learning and individualization, also had strong evidence of effectiveness. Another
well-supported approach included programs that focus on improving teachers’
skills in classroom management, motivation, and effective use of time, in particu-
lar the Missouri Mathematics Project and CMCD. Studies supported programs
focusing on helping teachers introduce mathematics concepts effectively, such as
CGI, Dynamic Pedagogy, and Connecting Math Concepts.

Supplementing classroom instruction with well-targeted supplementary instruc-
tion is another strategy with strong evidence of effectiveness. In particular,
small-group tutoring for first graders struggling in math and Project SEED, which
provides an additional period of instruction from professional mathematicians,
have strong evidence.
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The debate about mathematics reform has focused primarily on curriculum, not
on professional development or instruction (see, e.g., American Association for the
Advancement of Science, 2000; NRC, 2004). Yet this review suggests that in terms
of outcomes on traditional measures, such as standardized tests and state account-
ability assessments, curriculum differences appear to be less consequential than
instructional differences are. This is not to say that curriculum is unimportant.
There is no point in teaching the wrong mathematics. The research on the NSF-
supported curricula is at least comforting in showing that reform-oriented curric-
ula are no less effective than traditional curricula on traditional measures, and they
may be somewhat more effective, so their contribution to nontraditional outcomes
does not detract from traditional ones. The movement led by the National Council
of Teachers of Mathematics to focus math instruction more on problem solving
and concepts may account for the gains over time on NAEP, which itself focuses
substantially on these domains.

Also, it is important to note that the three types of approaches to mathematics
instruction reviewed here do not conflict with each other and may have additive effects
if used together. For example, schools might use an NSF-supported curriculum such
as Everyday Mathematics with well-structured cooperative learning and supplemen-
tal CAl, and the effects may be greater than those of any of these programs by them-
selves. However, the findings of this review suggest that educators and researchers
might do well to focus more on how mathematics is taught, rather than expecting that
choosing one or another textbook by itself will move their students forward.

As noted earlier, the most important problem in mathematics education is the
gap in performance between middle- and lower-class students and between White
and Asian American students and African American, Hispanic, and Native
American students. The studies summarized in this review took place in widely
diverse settings, and several of them reported outcomes separately for various sub-
groups. Overall, there is no clear pattern of differential effects for students of dif-
ferent social class or ethnic background. Programs found to be effective with any
subgroup tend to be effective with all groups. Rather than expecting to find pro-
grams with different effects on students in the same schools and classrooms, the
information on effective mathematics programs might better be used to address the
achievement gap by providing research-proven programs to schools serving many
disadvantaged and minority students. Federal Reading First and Comprehensive
School Reform programs were intended to provide special funding to help high-
poverty, low-achieving schools adopt proven programs. A similar strategy in math-
ematics could help schools with many students struggling in math to implement
innovative programs with strong evidence of effectiveness, as long as the schools
agree to participate in the full professional development process used in success-
ful studies and to implement all aspects of the program with quality and integrity.

The mathematics performance of America’s students does not justify compla-
cency. In particular, schools serving many students at risk need more effective pro-
grams. This article provides a starting place in determining which programs have
the strongest evidence bases today. Hopefully, higher quality evaluations of a
broader range of programs will appear in the coming years. What is important is
that we use what we know now at the same time that we work to improve our
knowledge base in the future so that our children receive the most effective math-
ematics instruction we can give them.
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APPENDIX A
Studies not included in the review

Author Cited by Reason not included and comments

Mathematics Curricula

Bridges in Mathematics

Math Learning Center (2003) No adequate control group

Everyday Mathematics
Briars (2004) No adequate control group
Briars & Resnick (2000) NRC No adequate control group
Carroll (1993) NRC No adequate control group
Carroll (1994-1995) NRC No adequate control group
Carroll (1995) NRC Inadequate outcome measure
Carroll (1996a) NRC No adequate control group
Carroll (1996b) NRC Inadequate outcome measure
Carroll (1996c¢) NRC No adequate control group
Carroll (1997) Insufficient match, no pretest
Carroll (1998) NRC Inadequate outcome measure
Carroll (2000) NRC Baseline equivalence not established
Carroll (2001a) NRC No adequate control group
Carroll (2001b) NRC Insufficient match, no pretest
Carroll & Fuson (1998) NRC No adequate control group
Carroll & Isaacs (2003) NRC Baseline equivalence not established
Carroll & Porter (1994) NRC Insufficient match
Drueck, Fuson, Carroll, & NRC No adequate control group
Bell (1995)
Fuson & Carroll (n.d.-a) NRC No adequate control group
Fuson & Carroll (n.d.-b) NRC Insufficient match, no pretest
Fuson, Carroll, & Drueck NRC No adequate control group
(2000)
Mathematics Evaluation NRC Insufficient match
Committee (1997)
McCabe (2001) Insufficient match, no pretest
L. A. Murphy (1998) No adequate control group
Salvo (2005) Duration less than 12 weeks
Houghton Mifflin Mathematics
EDSTAR (2004) Insufficient data
Mehrens & Phillips (1986) No adequate control group
Sheffield (2004) No adequate control group
Sheffield (2005) No adequate control group
Investigations in Number, Data,
and Space
Austin Independent School NRC Insufficient match, pretest differences
District (2001) not accounted for
Flowers (1998) Insufficient match and outcome measure
(continued)
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(continued)

Reason not included and comments

APPENDIX A
Author Cited by
Gatti (2004a)
Goodrow (1998) NRC
McCormick (2005)
Mokros, Berle-Carmen, NRC
Rubin, & O’Neil (1996)

Mokros, Berle-Carmen, NRC

Rubin, & Wright (1994)
L. G. Ross (2003)
Math Their Way
Mayo (1995)
McKernan (1992)
Shawkey (1989)
Math Trailblazers
Carter et al. (2003)

Lykens (2003)
Mathematics Plus
Rust (1999)
MathWings
Madden, Slavin, & Simons
(1997)
Madden, Slavin, & Simons
(1999)
Number Power
Cooperative Mathematics
Project (1996)
Progress in Mathematics
Beck Evaluation & Testing
Associates (2006)
Rational Number Project
Cramer, Post, & delMas
(2002)
Moss & Case (1999)
Real Math (Explorations and
Applications)
Dilworth & Warren (1980)

Rightstart/Number Worlds
Griffin, Case, & Siegler (1994)
Saxon Math
Atkeison-Cherry (2004)
Bolser & Gilman (2003)
Calvery, Bell, & Wheeler (1993) NRC
Fahsl (2001)

Pretest equivalence not documented
Insufficient match and outcome measure
Measure inherent to treatment
Insufficient match and outcome measure

Inadequate outcome measure, pretest
differences not accounted for

No adequate control group

Pretest equivalence not established

Insufficient data

Insufficient match

No adequate comparison groups,
pretest differences not accounted for

No adequate control group

Pretest equivalence not established

No adequate control group

No adequate control group

Inadequate outcome measure

Inadequate control group

Duration less than 12 weeks, inade-
quate outcome measure
Test inherent to measure

Inadequate outcome measure, no
adequate control group

No adequate outcome measure

Duration less than 12 weeks

No adequate control group
Insufficient match
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(continued)

Author Cited by Reason not included and comments
K. Good, Bickel, & Howley Insufficient match, posttest only
(2006) Pretest equivalence not established
Hansen & Greene (n.d.) NRC Insufficient information, no adjusting
at posttest
Nguyen (1994) Insufficient information, no adjusting
at posttest
Nguyen & Elam (1993) Insufficient information
Resendez, Sridharan, & Pretest equivalence was not
Azin (2006) established
Scott Foresman-Addison
Wesley
Gatti (2004b) Pretest equivalence not established
Simpson (2001) No adequate control group
Singapore Math

Ginsburg, Leinwand, Anstrom,
& Pollok, E. (2005).

No adequate control group, initial
equivalence not established

Computer-Assisted Instruction

Accelerated Math
Atkins (2005)
Boys (2003)
Brem (2003)

Holmes & Brown (2003)

Kosciolek (2003)

Leffler (2001)

Teelucksingh, Ysseldyke,
Spicuzza, & Ginsburg-
Block (2001)

Ysseldyke, Betts, Thill, &
Hannigan (2004)

Ysseldyke, Spicuzza,
Kosciolek, & Boys (2003)

Ysseldyke, Spicuzza,
Kosciolek, Teelucksingh,
et al. (2003)

Ysseldyke & Tardrew (2002)

Ysseldyke & Tardrew (2005)

Ysseldyke, Tardrew, Betts,

Thill, & Hannigan (2004)

Pretest equivalence not established
Pretest equivalence not established
Inadequate outcome measure, no
adequate control group

No adequate control group

No adequate control group

No adequate control group

Pretest equivalence not established

Large pretest differences

Insufficient match, pretest differences
too large

Inadequate outcome measure
Inadequate outcome measure

Inadequate outcome measure
Inadequate outcome measure

(continued)

485

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

APPENDIX A (continued)

Author Cited by Reason not included and comments
CCC/SuccessMaker
Crenshaw (1982) No adequate control group
Donnelly (2004) Insufficient match, no adjusting at
posttest
Kirk (2003) No adequate control group
Laub & Wildasin (1998) No adequate control group
McWhirt, Mentavlos, Rose- No adequate control group
Baele, & Donnelly (2003)
Phillips (2001) Inadequate outcome measure
Tingey & Simon (2001) No adequate control group
Tingey & Thrall (2000) No adequate control group
Tuscher (1998) No adequate control group
Underwood, Cavendish, Kulik No evidence of pretest equivalence
Dowling, Fogelman, & (2003)
Lawson (1996) (SRD
Wildasin (1994) No adequate control group
Jostens Learning/Compass
Learning
Brandt & Hutchinson (2005) No adequate control group
Clariana (1996) Kulik Insufficient information provided
Interactive (2003) (2003) No adequate control group
Jamison (2000) (SRD) Duration less than 12 weeks
Leiker (1993) Kulik Treatment and control used different
(2003) pretests
(SRI)
Mann, Shakeshaft, Becker, & No adequate control group
Kottkamp (1999)
Moody (1994) No adequate control group
Rader (1996) Duration less than 12 weeks
Roy (1993) Kulik Insufficient information provided
(2003)
(SRI)
Sinkis (1993) Kulik Insufficient match
(2003)
(SRI)
J. W. Stevens (1991) Kulik Pretest differences too large
(2003)
(SRI)
Taylor (1999) No adequate control group
Lightspan/Plato
Giancola (2000) No adequate control group
Gwaltney (2000) Treatment confounded with other
programs
(continued)
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(continued)

Author

Cited by

Reason not included and comments

Interactive (2000)
Interactive (2001)
Interactive & Metis
Associates (2002)
Quinn & Quinn (2001a)
Quinn & Quinn (2001b)

Other CAI

Anelli (1977)

Axelrod, McGregor,
Sherman, & Hamlet (1987)

Bedell (1998)

Brown & Boshamer (2000)
(Fundamentally Math)

Carrier, Post, & Heck (1985)

Chang, Sung, & Lin (2006)

Chiang (1978)

Cognition and Technology
Group at Vanderbilt (1992)

Dahn (1992) (Wasach)

Dobbins (1993) (Math
Concepts and Skills)

Emihovich & Miller (1988)

Faykus (1993) (WICAT)

Foley (1994)

Hativa (1998)

Haynie (1989)

Isbell (1993)

Kastre (1995)

Lin, Podell, & Tournaki-
Rein (1994)

McDermott & Watkins (1983)

Mevarech & Rich (1985)

Mills (1997)

Orabuchi (1992)

Perkins (1987)

Podell, Tournaki-Rein, &
Lin (1992)

Shiah, Mastropieri, Scruggs,
& Fulk (1994-1995)

Snow (1993)

Sullivan (1989)

Suppes, Fletcher, Zanotti,
Lorton, & Searle (1973)

No adequate control group
Program began before pretest
Program began before pretest

No adequate control group
No adequate control group

No untreated control group

No adequate control group, duration
less than 12 weeks

No adequate control group

Pretest equivalence not demonstrated

Inadequate outcome measure
Duration less than 12 weeks
Insufficient match
Inadequate outcome measure

No evidence of initial equivalence
No adequate control group

Duration less than 12 weeks
Duration less than 12 weeks
Insufficient sample
Insufficient sample

No adequate control group
No adequate control group
Duration less than 12 weeks
Duration less than 12 weeks

Insufficient data

No accounting for pretest differences
No adequate control group

No accounting for pretest differences
Duration less than 12 weeks
Duration less than 12 weeks

Inadequate outcome measure
No adequate control group

No adequate control group
No adequate control group

(continued)
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(continued)

Author Cited by Reason not included and comments
Trautman & Howe (2004) No adequate control group
Trautman & Klemp (2004) No adequate control group

Vogel, Greenwood-Ericksen,
Cannon-Bowers, &

Duration less than 12 weeks

Bowers (2006)
Wenglinsky (1998) No adequate control group
Wodarz (1994) Pretest equivalence not demonstrated
Instructional Process Strategies
CGI

Fennema et al. (1996)

Villasenor & Kepner (1993)
Classwide peer tutoring

Greenwood et al. (1984)

DuPaul, Ervin, Hook, &

McGoey (1998)
CMCD

Freiberg, Stein, & Huang
(1995)

Freiberg, Huzinec, &
Borders (2006)

Cooperative learning

Al-Halal (2001)

Bosfield (2004)

Brush (1997)

De Russe (1999)

Gabbert, Johnson, &
Johnson (1986)

Gilbert-Macmillan (1983)

Goldberg (1989) (TGT)

Hallmark (1994)

D. W. Johnson, Johnson, &
Scott (1978)

L. C. Johnson (1985)
(Groups of Four)

Lucker, Rosenfield, Sikes, &
Aronson (1976) (Jigsaw)

No adequate control group
Insufficient match

No adequate control group,
inadequate outcome measure

No adequate control group,
inadequate outcome measure

Subset of another study

No adequate control group
(artificial control group)

Duration less than 12 weeks
Insufficient data

Duration less than 12 weeks
No adequate control group
Duration less than 12 weeks

Duration less than 12 weeks
Inadequate outcome measure
Duration less than 12 weeks
Duration less than 12 weeks

Greater than 1/2 SD apart at pretest

Duration less than 12 weeks

Madden & Slavin (1983) Duration less than 12 weeks
Martin (1986) (TGT) Duration less than 12 weeks
Morgan (1994) Duration less than 12 weeks
(continued)
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(continued)

Author

Cited by

Reason not included and comments

Moskowitz, Malvin,
Schaeffer, & Schaps (1983)
(Jigsaw)

Nattiv (1994)

Peterson, Janicki, & Swing
(1981) (small-group instruction)

Swing & Peterson (1982)
(small-group instruction)

Tieso (2005)

Williams (2005)

Xin (1999)

Zuber (1992)
Curriculum-based measurement
Allinder & Oats (1997)

Clarke & Shinn (2004)

Fuchs, Fuchs, & Hamlett (1989)

Fuchs, Fuchs, Hamlett,
Phillips, & Bentz (1994)

Fuchs, Fuchs, Hamlett, &
Stecker (1991)

Stecker & Fuchs (2000)

Tsuei (2005)

Direct instruction-CMC,
DISTAR Arithmetic I/11,
Corrective Mathematics

W. C. Becker & Gersten
(1982)

Bereiter & Kurland (1981-1982)

Brent & DiObilda (1993)

Mac Iver, Kemper, &
Stringfield (2003)

Merrell (1996)

Meyer (1984)

Vreeland et al. (1994)

Wellington, J. (1994)

Wilson & Sindelar (1991)

Mastery Learning
Burke (1980)
Cabezon (1984)

Outcome measure not achievement
based

Duration less than 12 weeks
Duration less than 12 weeks

Duration less than 12 weeks

Duration less than 12 weeks

No adequate outcome measure

Treatment confounded with other
factors

Duration less than 12 weeks

No adequate control group,
inadequate outcome measure
No adequate control group
Pretest differences too large
Measure inherent to treatment

Measure inherent to treatment

No adequate control group
Inadequate comparison group

Insufficient match

Pretest equivalence not established
No accounting for pretest scores
Insufficient data

No adequate control group
Insufficient data

Insufficient match
Inadequate outcome measure
Duration less than 12 weeks

Duration less than 12 weeks
No accounting for pretest differences
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(continued)

Author Cited by

Reason not included and comments

Chan, Cole, & Cahill (1988)
Earnheart (1989)

Gallagher (1991)

Kersh (1970)

Long (1991)
Peer-assisted learning
Fuchs, Fuchs, Phillips,
Hamlett, & Karns (1995)
Fuchs, Fuchs, Hamlett, et al.
(1997)
Project CHILD
Butzin (2001)
Florida TaxWatch (2005)
Gill (1995)
King & Butzin (1992)
Kromhout (1993)
Kromhout & Butzin (1993)
Project SEED
W. Webster & Chadbourn
(1996)
W. J. Webster (1998)

W. J. Webster & Chadbourn
(1989)

W. J. Webster & Chadbourn
(1992)

Reciprocal peer tutoring

Fantuzzo, Davis, & Ginsburg
(1995)

Fantuzzo, King, & Heller
(1992)

Fantuzzo, Polite, & Grayson
(1990)

Ginsburg-Block (1998)

Ginsburg-Block & Fantuzzo
(1997)

Heller & Fantuzzo (1993)

Pigott, Fantuzzo, &
Clement (1986)

Schema-based instruction

Fuchs, Fuchs, Finelli,

Courey, & Hamlett (2004)

Duration less than 12 weeks

Duration less than 12 weeks

No adequate control group

No adequate control group, greater
than 1/2 SD apart at pretest

Greater than 1/2 SD apart at pretest

Test inherent to treatment

Test inherent to treatment

Pretest equivalence not demonstrated
Pretest equivalence not demonstrated
Pretest equivalence not demonstrated
Pretest equivalence not demonstrated
Pretest equivalence not demonstrated
Pretest equivalence not demonstrated

Treatment confounded with other
factors

Not enough information, no pretest
information

Treatment confounded with other
factors

Treatment confounded with other
factors

Duration less than 12 weeks

Inadequate control group

Uneven attrition, duration less than
12 weeks

Duration less than 12 weeks

Duration less than 12 weeks

Test inherent to treatment

Duration less than 12 weeks

Inadequate outcome measure
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(continued)

Author Cited by

Reason not included and comments

Fuchs, Fuchs, Finelli, et al.
(20006)

Fuchs, Fuchs, Prentice,
Burch, Hamlett, Owen,
Hosp, et al. (2003)

Fuchs, Fuchs, Prentice,
et al. (2004)

Jitendra et al. (1998)

Jitendra & Hoff (1996)

STAD
Vaughan (2002)
TAI

Bryant (1981)

Slavin, Leavey, & Madden
(1984)

Slavin, Madden, & Leavey
(1984a)

Other instructional process
strategies

Ai (2002)

Beirne-Smith (1991)

(peer tutoring)

Burkhouse, Loftus,
Sadowski, & Buzad (2003)

(Thinking Mathematics
professional development)

Burton (2005)

Campbell, Rowan, & Cheng
(1995) (Project IMPACT)

Cardelle-Elawar (1990)
(metacognition)

Cardelle-Elawar (1992, 1995)
(metacognition)

Cobb et al. (1991)
(problem-centered
instructional approach)

Craig & Cairo (2005) (QUILT)

Dev, Doyle, & Valenta
(2002) (TouchMath)

Fischer (1990) (part-
part-whole curriculum)

Follmer (2001)

Inadequate outcome measure

Inadequate outcome measure

Inadequate outcome measure

No adequate control group
Duration less than 12 weeks

No adequate control group

Duration less than 12 weeks
Duration less than 12 weeks

Duration less than 12 weeks

No adequate control group
Duration less than 12 weeks

No adequate control group

Pretest equivalence not established
Inadequate outcome measure

Duration less than 12 weeks
Inadequate outcome measure
Pretest equivalence not established
No adequate control group

No comparison group

Duration less than 12 weeks

Duration less than 12 weeks

(continued)
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(continued)

Author Cited by

Reason not included and comments

Fuchs, Fuchs, Hamlett, &
Appleton (2002)

Fuchs, Fuchs, Karns,

Hamlett, & Katzaroff (1999)
(performance- and
assessment-driven instruction)

Fuchs, Fuchs, Karns, et al.
(1997) (task-focused goals
treatment)

Fuchs, Fuchs, & Prentice
(2004) (problem-solving
treatment)

Fuchs, Fuchs, Prentice,
Burch, Hamlett, Owen,
Hosp, et al. (2003) (explicitly
teaching for transfer)

Fuchs, Fuchs, Prentice,
Burch, Hamlett, Owen, &
Schroeter (2003) (self-
regulated learning strategies)

Fueyo & Bushell (1998)
(number line procedures
and peer tutoring)

Ginsburg-Block &

Fantuzzo (1998) (NCTM
standards-based intervention)

Hickey, Moore, & Pellegrino
(2001) (Adventures of
Jasper Woodbury)

Hiebert & Wearne (1993)

Hohn & Frey (2002) (SOLVED)

Hooper (1992)

Kopecky (2005) (Math
Matters)

Mason & Good (1993)
(MMP, two-group and
whole-class teaching)

Mercer & Miller (1992)
(Strategic Math Series)

New Century Education
Corporation (2003)

(New Century Integrated
Instructional System)

Inadequate outcome measure

Inadequate outcome measure

Inadequate outcome measure

Inadequate outcome measure

Inadequate outcome measure

Inadequate outcome measure

Duration less than 12 weeks

Duration less than 12 weeks

Inadequate outcome measures

Inadequate outcome measure
Duration less than 12 weeks
Duration less than 12 weeks
No adequate control group

Measure inherent to treatment, no
controlling for pretests

No comparison group

Pretest equivalence not established
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Author Cited by Reason not included and comments

Pellegrino, Hickey, Heath,
Rewey, & Vye (1992)
(Adventures of Jasper

Woodbury)

Pratton & Hales (1986) Duration less than 12 weeks
(active participation)

Ruffin, Taylor, & Butts (1991) Pretest equivalence not established
(Barrett Math Program)

Shaughnessy & Davis (1998) No adequate control group

(Opening Eyes to Mathematics
by the Math Learning Center)

Sherwood (1991) Pretest equivalence not established
(Adventures of Jasper
Woodbury)

Sloan (1993) (direct instruction) Pretest equivalence not established

Stallings (1985) Insufficient information

Stallings & Krasavage (1986) Pretest equivalence not established
(Madeline Hunter Model)

Stallings, Robbins, Presbrey, Insufficient information
& Scott (1986) (Madeline
Hunter Model)

White (1996) (TIPS Math) Duration less than 12 weeks

Yager, Johnson, Johnson, & Duration less than 12 weeks

Snider (1986) (cooperative
learning with group
processing)

APPENDIX B
Table of abbreviations

ANCOVA—analysis of covariance

CAl—computer-assisted instruction

CAT—California Achievement Test

CCC—Computer Curriculum Corporation

CGIl—cognitively guided instruction

CMC—Connecting Math Concepts

CMCD—Consistency Management & Cooperative Discipline®
CMT—Connecticut Mastery Test

CTBS—Comprehensive Test of Basic Skills
ERIC—Education Resources Information Center
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ISAT—Illinois Standards Achievement Test
ISTEP—Indiana Statewide Testing for Educational Progress
ITBS—Iowa Test of Basic Skills

MAT—Metropolitan Achievement Test
MCAS—Massachusetts Comprehensive Assessment System
MCT—Mississippi Curriculum Test

MMP—Missouri Mathematics Project

NAEP—National Assessment of Educational Progress
NALT—Northwest Achievement Level Test
NAT—National Achievement Test

NCTM—National Council of Teachers of Mathematics
NRC—National Research Council

NSF—National Science Foundation

PALS—peer-assisted learning strategies

SAT—Stanford Achievement Test

SES—socioeconomic status

SESAT—Stanford Early School Achievement Test
SRA—Science Research Associates

SRI—Scholastic Reading Inventory

STAD—student teams—achievement division
TAAS—Texas Assessment of Academic Skills
TAl—team-assisted individualization

TCAP—Tennessee Comprehensive Achievement Test
TGT— Teams-games-tournaments

WASL—Washington Assessment of Student Learning
WICAT—Wireless Internet Center for Advanced Technology

References

Abram, S. L. (1984). The effect of computer assisted instruction on first grade phonics
and mathematics achievement computation. Unpublished doctoral dissertation,
Northern Arizona University.

Ai, X. (2002). District Mathematics Plan evaluation: 2001-2002 evaluation report.
Los Angeles: Program Evaluation and Research Branch, Los Angeles Unified
School District.

Al-Halal, A. (2001). The effects of individualistic learning and cooperative learning
strategies on elementary students’ mathematics achievement and use of social skills.
Unpublished doctoral dissertation, Ohio University.

Alifrangis, C. M. (1991). An integrated learning system in an elementary school:
Implementation, attitudes, and results. Journal of Computing in Childhood
Education, 2(3), 51-66.

Allinder, R. M., & Oats, R. G. (1997). Effects of acceptability on teachers’ implemen-
tation of curriculum-based measurement and student achievement in mathematics
computation. Remedial and Special Education, 18(2), 113-120.

American Association for the Advancement of Science. (2000). Middle school mathe-
matics textbooks: A benchmark-based evaluation. Washington, DC: Author.

494

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

Effective Programs in Elementary Mathematics

Anderson, L., Scott, C., & Hutlock, N. (1976, April). The effects of a mastery learning
program on selected cognitive, affective and ecological variables in Grades 1
through 6. Paper presented at the annual meeting of the American Educational
Research Association, San Francisco, CA.

Anelli, C. (1977). Computer-assisted instruction and reading achievement of urban
third and fourth graders. Unpublished doctoral dissertation, Rutgers University.
Armour-Thomas, E., Walker, E., Dixon-Roman, E. J., Mejia, B., & Gordon, E. J.
(2006, April). An evaluation of dynamic pedagogy on third-grade math achievement
of ethnic minority children. Paper presented at the annual meeting of the American

Educational Research Association, San Francisco, CA.

Atkeison-Cherry, N. K. (2004). A comparative study of mathematics learning of third-
grade children using a scripted curriculum and third-grade children using a non-
scripted curriculum. Unpublished doctoral dissertation, Union University.

Atkins, J. (2005). The association between the use of Accelerated Math and students’ math
achievement. Unpublished doctoral dissertation, East Tennessee State University.

Austin Independent School District. (2001). Austin collaborative for mathematics edu-
cation, 1999-2000 evaluation. Unpublished manuscript.

Axelrod, S., McGregor, G., Sherman, J., & Hamlet, C. (1987). Effects of video games
as reinforcers for computerized addition performance. Journal of Special Education
Technology, 9(1), 1-8.

Baker, S., Gersten, R., & Lee, D. (2002). A synthesis of empirical research teaching
mathematics to low-achieving students. Elementary School Journal, 103(1), 51-69.

Bass, G., Ries, R., & Sharpe, W. (1986). Teaching basic skills though microcomputer
assisted instruction. Journal of Educational Computing Research, 2(2), 207-219.

Beck Evaluation & Testing Associates. (2006). Progress in mathematics 2006: Grade
1 pre—post field test evaluation. Pleasantville, NY: Author.

Becker, H. J. (1992). Computer-based integrated learning systems in the elementary
and middle grades: A critical review and synthesis of evaluation reports. Journal of
Educational Computing Research, 8(1), 1-41.

Becker, H. J. (1994). Mindless or mindful use of integrating learning systems.
International Journal of Educational Research, 21(1), 65-79.

Becker, W. C., & Gersten, R. (1982). A follow-up of Follow Through: The later effects
of the direct instruction model on children in the fifth and sixth grades. American
Educational Research Journal, 19(1), 75-92.

Bedell, J. P. (1998). Effects of reading and mathematics software formats on elemen-
tary students’ achievement. Unpublished doctoral dissertation, University of Miami.

Beirne-Smith, M. (1991). Peer tutoring in arithmetic for children with learning disabil-
ities. Exceptional Children, 57, 330-337.

Bereiter, C., & Kurland, M. (1981-1982). A constructive look at Follow-Through
results. Interchange, 12, 1-22.

Birch, J. H. (2002). The effects of the Delaware Challenge Grant Program on the standard-
ized reading and mathematics test scores of second and third grade students in the
Caesar Rodney School District. Unpublished doctoral dissertation, Wilmington College.

Biscoe, B., & Harris, B. (2004). Growing With Mathematics: National evaluation study
summary report. DeSoto, TX: Wright Group.

Bolser, S., & Gilman, D. (2003). Saxon Math, Southeast Fountain Elementary School:
Effective or ineffective? (ERIC Document Reproduction Service No. ED474537).
Borman, G. D., Hewes, G. M., Overman, L. T., & Brown, S. (2003). Comprehensive
school reform and achievement: A meta-analysis. Review of Educational Research,

73(2), 125-230.

495

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

Slavin & Lake

Borton, W. M. (1988). The effects of computer managed mastery learning on mathe-
matics test scores in the elementary school. Journal of Computer-Based Instruction,
15(3), 95-98.

Bosfield, G. (2004). A comparison of traditional mathematical learning and coopera-
tive mathematical learning. Unpublished master’s thesis, California State
University, Dominguez Hills.

Boys, C.J. (2003). Mastery orientation through task-focused goals: Effects on achieve-
ment and motivation. Unpublished master’s thesis, University of Minnesota.

Brandt, W. C., & Hutchinson, C. (2005). Romulus Community Schools comprehensive
school reform evaluation. Naperville, IL: Learning Point Associates.

Brem, S. K. (2003). AM users outperform controls when exposure and quality of inter-
action are high: A two-year study of the effects of Accelerated Math and Math
Renaissance performance in a Title I elementary school [tech. rep.]. Tempe: Arizona
State University.

Brent, G., & DiObilda, N. (1993). Effects of curriculum alignment versus direct
instruction on urban children. Journal of Educational Research, 86(6), 333-338.
Briars, D., & Resnick, L. (2000). Standards, assessments—and what else? The essen-
tial elements of standards-based school improvement. Los Angeles: National Center

for Research on Evaluation, Standards, and Student Testing, UCLA.

Briars, D. J. (2004, July). The Pittsburgh story: Successes and challenges in implement-
ing standards-based mathematics programs. Paper presented at the meeting of the
UCSMP Everyday Mathematics Leadership Institute, Lisle, IL.

Brown, F., & Boshamer, C. C. (2000). Using computer assisted instruction to teach
mathematics: A study. Journal of the National Alliance of Black School Educators,
4(1), 62-71.

Brush, T. (1997). The effects on student achievement and attitudes when using inte-
grated learning systems with cooperative pairs. Educational Research and
Development, 45(1), 51-64.

Bryant, R. R. (1981). Effects of team-assisted individualization on the attitudes and
achievement of third, fourth, and fifth grade students of mathematics. Unpublished
doctoral dissertation, University of Maryland.

Burke, A. J. (1980). Students’ potential for learning contrasted under tutorial and
group approaches to instruction. Unpublished doctoral dissertation, University of
Chicago.

Burkhouse, B., Loftus, M., Sadowski, B., & Buzad, K. (2003). Thinking Mathematics
as professional development: Teacher perceptions and student achievement.
Scranton, Pennsylvania: Marywood University. (ERIC Document Reproduction
Service No. ED482911)

Burton, S. K. (2005). The effects of ability grouping on academic gains of rural ele-
mentary school students. Unpublished doctoral dissertation, Union University.

Butzin, S. M. (2001). Using instructional technology in transformed learning environ-
ments: An evaluation of Project CHILD. Journal of Research on Computing in
Education, 33, 367-373.

Cabezon, E. (1984). The effects of marked changes in student achievement pattern on
the students, their teachers, and their parents: The Chilean case. Unpublished doc-
toral dissertation, University of Chicago.

Calvery, R., Bell, D., & Wheeler, G. (1993, November). A comparison of selected second
and third graders’ math achievement: Saxon vs. Holt. Paper presented at the Annual
Meeting of the Mid-South Educational Research Association, New Orleans, LA.

496

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

Effective Programs in Elementary Mathematics

Campbell, P. F., Rowan, T. E., & Cheng, Y. (1995, April). Project IMPACT:
Mathematics achievement in predominantly minority elementary classrooms
attempting reform. Paper presented at the Annual Meeting of the American
Educational Research Association, San Francisco, CA.

Cardelle-Elawar, M. (1990). Effects of feedback tailored to bilingual students’ mathe-
matics needs on verbal problem solving. Elementary School Journal, 91, 165-175.

Cardelle-Elawar, M. (1992). Effects of teaching metacognitive skills to students with
low mathematics ability. Teaching and Teacher Education, 8, 109-121.

Cardelle-Elawar, M. (1995). Effects of metacognitive instruction on low achievers in
mathematics problems. Teaching and Teacher Education, 11, 81-95.

Carpenter, T. P., Fennema, E., Peterson, P. L., Chiang, C. P., & Loef, M. (1989). Using
knowledge of children’s mathematics thinking in classroom teaching: An experi-
mental study. American Education Research Journal, 26, 499-531.

Carrier, C., Post, T., & Heck, W. (1985). Using microcomputers with fourth-grade stu-
dents to reinforce arithmetic skills. Journal for Research in Mathematics Education,
16(1),45-51.

Carroll, W. (1995). Report on the field test of fifth grade Everyday Mathematics.
Chicago: University of Chicago.

Carroll, W. (1998). Geometric knowledge of middle school students in a reform-based
mathematics curriculum. School Science and Mathematics, 98, 188-197.

Carroll, W. M. (1993). Mathematical knowledge of kindergarten and first-grade stu-
dents in Everyday Mathematics [UCSMP report]. Unpublished manuscript.

Carroll, W. M. (1994-1995). Third grade Everyday Mathematics students’ performance
on the 1993 and 1994 Illinois state mathematics test. Unpublished manuscript.

Carroll, W. M. (1996a). A follow-up to the fifth-grade field test of Everyday
Mathematics: Geometry, and mental and written computation. Chicago: University
of Chicago School Mathematics Project.

Carroll, W. M. (1996b). Use of invented algorithms by second graders in a reform
mathematics curriculum. Journal of Mathematical Behavior, 15, 137-150.

Carroll, W. M. (1996¢). Mental computation of students in a reform-based mathemat-
ics curriculum. School Science and Mathematics, 96, 305-311.

Carroll, W. M. (1997). Mental and written computation: Abilities of students in a
reform-based mathematics curriculum. Mathematics Educator, 2(1), 18-32.

Carroll, W. M. (2000). Invented computational procedures of students in a standards-
based curriculum. Journal of Mathematical Behavior, 18, 111-121.

Carroll, W. M. (2001a). A longitudinal study of children in the Everyday Mathematics
curriculum. Unpublished manuscript.

Carroll, W. M. (2001b). Students in a standards-based curriculum: Performance on the
1999 Illinois State Achievement Test. Illinois Mathematics Teacher, 52(1), 3-7.
Carroll, W. M., & Fuson, K. C. (1998). Multidigit computation skills of second and
third graders in Everyday Mathematics: A follow-up to the longitudinal study.

Unpublished manuscript.

Carroll, W. M., & Isaacs, A. (2003). Achievement of students using the University of
Chicago School Mathematics Project’s Everyday Mathematics. In S. L. Senk &
D. R. Thompson (Eds.), Standards-based school mathematics curricula: What are
they? What do students learn? (pp. 79—108). Mahwah, NJ: Lawrence Erlbaum.

Carroll, W. M., & Porter, D. (1994). A field test of fourth grade Everyday Mathematics:
Summary report. Chicago: University of Chicago School Mathematics Project,
Elementary Component.

497

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

Slavin & Lake

Carter, A., Beissinger, J., Cirulis, A., Gartzman, M., Kelso, C., & Wagreich, P. (2003).
Student learning and achievement with math. In S. L. Senk & D. R. Thompson (Eds.),
Standards-based school mathematics curricula: What are they? What do students
learn? (pp. 45-78). Mahwah, NJ: Lawrence Erlbaum.

Chambers, E. A. (2003). Efficacy of educational technology in elementary and sec-
ondary classrooms: A meta-analysis of the research literature from 1992-2002.
Unpublished doctoral dissertation, Southern Illinois University at Carbondale.

Chan, L., Cole, P., & Cahill, R. (1988). Effect of cognitive entry behavior, mastery
level, and information about criterion on third graders’ mastery of number concepts.
Journal for Research in Mathematics Education, 19, 439-448.

Chang, K. E., Sung, Y. T., & Lin, S. F. (2006). Computer-assisted learning for mathe-
matical problem solving. Computers and Education, 46(2), 140-151.

Chase, A., Johnston, K., Delameter, B., Moore, D., & Golding, J. (2000). Evaluation
of the Math Steps curriculum: Final report. Boston: Houghton Mifflin.

Cheung, A., & Slavin, R. (2005). A synthesis of research on language of reading instruc-
tion for English language learners. Review of Education Research, 75, 247-284.

Chiang, A. (1978) Demonstration of the use of computer-assisted instruction with
handicapped children: Final report. (Rep. No. 446-AM-66076A). Arlington, VA:
RMC Research Corp. (ERIC Document Reproduction Service No. ED116913)

Clariana, R. B. (1994). The effects of an integrated learning system on third graders’
mathematics and reading achievement. San Diego, CA: Jostens Learning
Corporation. (ERIC Document Reproduction Service No. ED409181)

Clariana, R. B. (1996). Differential achievement gains for mathematics computation,
concepts, and applications with an integrated learning system. Journal of Computers
in Mathematics and Science, 15(3), 203-215.

Clark, R. E. (Ed.). (2001). Learning from media: Arguments, analysis, and evidence.
Greenwich, CT: Information Age.

Clarke, B., & Shinn, M. (2004). A preliminary investigation into the identification and
development of early mathematics curriculum-based measurement. School
Psychology Review, 33, 234-248.

Cobb, P., Wood, T., Yackel, E., Nicholls, J., Wheatley, G., Trigatti, B., et al. (1991).
Assessment of a problem-centered second-grade mathematics project. Journal for
Research in Mathematics Education, 22(1), 3-29.

Cognition and Technology Group at Vanderbilt. (1992). The Jasper series as an exam-
ple of anchored instruction: Theory, program description, and assessment data.
Educational Psychologist, 27(3), 291-315.

Comprehensive School Reform Quality Center. (2005). CSRQ Center Report on
Elementary School Comprehensive School Reform Models. Washington, DC:
American Institutes for Research.

Confrey, J. (2006). Comparing and contrasting the National Research Council report
on evaluating curricular effectiveness with the What Works Clearinghouse
approach. Educational Evaluation and Policy Analysis, 28(3), 195-213.

Cooper, H. (1998). Synthesizing research (3rd ed.). Thousand Oaks, CA: Sage.

Cooperative Mathematics Project. (1996). Findings from the evaluation of the Number
Power Mathematics Program: Final report to the National Science Foundation.
Oakland, CA: Developmental Studies Center.

Cox, B. F. (1986). Instructional management system: How it affects achievement, self-
concept, and attitudes toward math of fifth-grade students. Unpublished doctoral
dissertation, Oklahoma State University.

498

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

Effective Programs in Elementary Mathematics

Craig, J., & Cairo, L. (2005). Assessing the relationship between questioning and
understanding to improve learning and thinking (QUILT) and student achievement
in mathematics: A pilot study. Charleston, WV: Appalachia Educational Lab.

Cramer, K. A., Post, T. R., & delMas, R. C. (2002). Initial fraction learning by fourth
and fifth grade students: A comparison of the effects of using commercial curricula
with the effects of using the Rational Number Project curriculum. Journal for
Research in Mathematics Education, 33(2), 111-144.

Crawford, D. B., & Snider, V. E. (2000). Effective mathematics instruction: The impor-
tance of curriculum. Education and Treatment of Children, 23(2), 122—-142.

Crenshaw, H. M. (1982). A comparison of two computer assisted instruction management
systems in remedial math. Unpublished doctoral dissertation, Texas A&M University.

Dahn, V. L. (1992). The effect of integrated learning systems on mathematics and read-
ing achievement and student attitudes in selected Salt Lake City, Utah, elementary
schools. Unpublished doctoral dissertation, Brigham Young University.

De Russe, J. T. (1999). The effect of staff development training and the use of cooperative
learning methods on the academic achievement of third through sixth grade Mexican-
American students. Unpublished doctoral dissertation, Texas A&M University.

Dev, P. C,, Doyle, B. A., & Valenta, B. (2002). Labels needn’t stick: “At-risk” first
graders rescued with appropriate intervention. Journal of Education for Students
Placed at Risk, 7(3), 327-332.

Dilworth, R., & Warren, L. (1980). An independent investigation of Real Math: The
field-testing and learner-verification studies. San Diego, CA: Center for the
Improvement of Mathematics Education.

Dobbins, E. R. (1993). Math computer assisted instruction with remedial students and
students with mild learning/behavior disabilities. Unpublished doctoral dissertation,
University of Alabama.

Donnelly, L. (2004, April). Year two results: Evaluation of the implementation and
effectiveness of SuccessMaker during 2002-2003. Paper presented at the annual
meeting of the American Educational Research Association, San Diego, California.

Drueck, J. V., Fuson, K. C., Carroll, W. M., & Bell, M. S. (1995, April). Performance
of U.S. first graders in a reform math curriculum compared to Japanese, Chinese,
and traditionally taught U.S. students. Paper presented at the annual meeting of the
American Education Research Association, San Francisco, CA.

DuPaul, G. J., Ervin, R. A., Hook, C. L., & McGoey, K. E. (1998). Peer tutoring for
children with attention deficit hyperactivity disorder: Effects on classroom behavior
and academic performance. Journal of Applied Behavior Analysis, 31, 595-592.

Dynarski, M., Agodini, R., Heaviside, S., Novak, T., Carey, N., Campuzano, L., et al.
(2007). Effectiveness of reading and mathematics software products: Findings from
the first student cohort. Washington, DC: Institute of Education Sciences.

Earnheart, M. (1989). A study of the effectiveness of mastery learning in a low socio-
economic setting. Unpublished doctoral dissertation, University of Mississippi.

Ebmeier, H., & Good, T. (1979). The effects of instructing teachers about good teach-
ing on the mathematics achievement of fourth grade students. American Educational
Research Journal, 16(1), 1-16.

EDSTAR. (2004). Large-scale evaluation of student achievement in districts using
Houghton Mifflin Mathematics: Phase two. Raleigh, NC: Author.

Ellington, A. J. (2003). A meta-analysis of the effects of calculators on students’
achievement and attitude levels in precollege mathematics classes. Journal for
Research in Mathematics Education, 34(5), 433-463.

499

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

Slavin & Lake

Emihovich, C., & Miller, G. (1988). Effects of Logo and CAI on Black first graders’
achievement, reflectivity, and self-esteem. Elementary School Journal, 88(5),
472-487.

Estep, S. G., Mclnerney, W. D., Vockell, E., & Kosmoski, G. (1999-2000). An inves-
tigation of the relationship between integrated learning systems and academic
achievement. Journal of Educational Technology Systems, 28(1), 5-19.

Fahsl, A.J. (2001). An investigation of the effects of exposure to Saxon math textbooks,
socioeconomic status and gender on math achievement scores. Unpublished doc-
toral dissertation, Oklahoma State University.

Fantuzzo, J. W., Davis, G. Y., & Ginsburg, M. D. (1995). Effects of parent involve-
ment in isolation or in combination with peer tutoring on student self-concept and
mathematics achievement. Journal of Educational Psychology, 87(2), 272-281.

Fantuzzo, J. W., King, J. A., & Heller, L. R. (1992). Effects of reciprocal peer tutoring
on mathematics and school adjustment: A component analysis. Journal of
Educational Psychology, 84(3), 331-339.

Fantuzzo, J. W., Polite, K., & Grayson, N. (1990). An evaluation of reciprocal peer tutor-
ing across elementary school settings. Journal of School Psychology, 28, 309-323.
Faykus, S. P. (1993). Impact of an integrated learning system: Analysis of student
achievement through traditional and curriculum-based procedures. Unpublished

doctoral dissertation, Arizona State University.

Fennema, E., Carpenter, T. P., Franke, M. L., Levi, L., Jacobs, V. R., & Empson, S. B.
(1996). A longitudinal study of learning to use children’s thinking in mathematics
instruction. Journal for Research in Mathematics Education, 27(4), 403-434.

Fischer, F. (1990). A part-part-whole curriculum for teaching number to kindergarten.
Journal for Research in Mathematics Education, 21, 207-215.

Fletcher, J. D., Hawley, D. E., & Piele, P. K. (1990). Costs, effects, and utility of microcom-
puter-assisted instruction. American Educational Research Journal, 27(4), 783-806.
Florida TaxWatch. (2005). Florida TaxWatch’s comparative evaluation of Project
CHILD: Phase 1V, 2005. Retrieved from http:www.floridataxwatch.org/projchild/

projchild4.html

Flowers, J. (1998). A study of proportional reasoning as it relates to the development of
multiplication concepts. Unpublished doctoral dissertation, University of Michigan.

Foley, M. M. (1994). A comparison of computer-assisted instruction with teacher-
managed instructional practices. Unpublished doctoral dissertation, Columbia
University Teachers College.

Follmer, R. (2001). Reading, mathematics, and problem solving: The effects of direct
instruction in the development of fourth grade students’ strategic reading and prob-
lem-solving approaches to text-based, non-routine mathematics problems.
Unpublished doctoral dissertation, Widener University.

Freiberg, H. J., Connell, M. L., & Lorentz, J. (2001). Effects of consistency manage-
ment on student mathematics achievement in seven Chapter 1 elementary schools.
Journal of Education for Students Placed at Risk, 6(3), 249-270.

Freiberg, H. J., Huzinec, C., & Borders, K. (2006). Classroom management and math-
ematics student achievement: A study of fourteen inner-city elementary schools.
Unpublished manuscript.

Freiberg, H. J., Prokosch, N., Treiser, E. S., & Stein, T. (1990). Turning around five at-
risk elementary schools. Journal of School Effectiveness and School Improvement,
1(1), 5-25.

500

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

Effective Programs in Elementary Mathematics

Freiberg, H. J., Stein, T. A., & Huang, S. (1995). Effects of classroom management
intervention on student achievement in inner-city elementary schools. Educational
Research and Evaluation, 1(1), 36-66.

Fuchs, L., Compton, D., Fuchs, D., Paulsen, K., Bryant, J., & Hamlett, C. (2005). The
prevention, identification, and cognitive determinants of math difficulty. Journal of
Educational Psychology, 97(3), 493-513.

Fuchs, L., Fuchs, D., Finelli, R., Courey, S., & Hamlett, C. (2004). Expanding schema-
based transfer instruction to help third graders solve real-life mathematical problems.
American Educational Research Journal, 41(2), 419-445.

Fuchs, L., Fuchs, D., Finelli, R., Courey, S., Hamlett, C., Sones, E., et al. (20006).
Teaching third graders about real-life mathematical problem solving: A randomized
control study. Elementary School Journal, 106(4), 293-311.

Fuchs, L., Fuchs, D., & Hamlett, C. (1989). Effects of alternative goal structures within
curriculum-based measurement. Exceptional Children, 55(5), 429-438.

Fuchs, L., Fuchs, D., Hamlett, C., & Stecker, P. (1991). Effects of curriculum-based
measurement and consultation on teacher planning and student achievement in math-
ematics operations. American Educational Research Journal, 28(3), 617-641.

Fuchs, L., Fuchs, D. & Karns, K. (2001). Enhancing kindergarteners’ mathematical
development: Effects of peer-assisted learning strategies. Elementary School
Journal, 101(5), 495-510.

Fuchs, L., Fuchs, D., Karns, K., Hamlett, C., & Katzaroff, M. (1999). Mathematics per-
formance assessment in the classroom: Effects on teacher planning and student prob-
lem solving. American Educational Research Journal, 36(3), 609-646.

Fuchs, L., Fuchs, D., Karns, K., Hamlett, C., Katzaroff, M., & Dutka, S. (1997). Effects
of task-focused goals on low-achieving students with and without learning disabili-
ties. American Educational Research Journal, 34(3), 513-543.

Fuchs, L., Fuchs, D. Phillips, N., Hamlett, C., & Karns, K. (1995). Acquisition and
transfer effects of classwide peer-assisted learning strategies in mathematics for stu-
dents with varying learning histories. School Psychology Review, 24(4), 604—620.

Fuchs, L., Fuchs, D., & Prentice, K. (2004). Responsiveness to mathematical problem-
solving instruction: Comparing students at risk of mathematics disability with and
without risk of reading disability. Journal of Learning Disabilities, 37(4), 293-306.

Fuchs, L., Fuchs, D., Prentice, K., Burch, M., Hamlett, C., Owen, R., Hosp, M., et al.
(2003). Explicitly teaching for transfer: Effects on third-grade students’ mathemat-
ical problem solving. Journal of Educational Psychology, 95(2), 293-305.

Fuchs, L., Fuchs, D., Prentice, K., Burch, M., Hamlett, C., Owen, R., & Schroeter, K.
(2003). Enhancing third-grade students’ mathematical problem solving with self-
regulated learning strategies. Journal of Educational Psychology, 95(2), 306-315.

Fuchs, L., Fuchs, D., Prentice, K., Hamlett, C., Finelli, R., & Courey, S. (2004).
Enhancing mathematical problem solving among third-grade students with schema-
based instruction. Journal of Educational Psychology, 96(4), 635-647.

Fuchs, L., Fuchs, D., Yazdian, L., & Powell, S. (2002). Enhancing first-grade chil-
dren’s mathematical development with peer-assisted learning strategies. School
Psychology Review, 31(4), 569-583.

Fuchs, L. S., Fuchs, D., Hamlett, C. L., & Appleton, A. C. (2002). Explicitly teaching for
transfer: Effects on the mathematical problem-solving performance of students with
mathematical disabilities. Learning Disabilities Research and Practice, 17(2),90-106.

Fuchs, L. S., Fuchs, D., Hamlett, C. L., Phillips, N. B., & Bentz (1994). Classwide cur-
riculum-based measurement: Helping general educators meet the challenge of stu-
dent diversity. Exceptional Children, 60(6), 518-537.

501

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

Slavin & Lake

Fuchs, L. S., Fuchs, D., Hamlett, C. L., Phillips, N. B., Karns, K., & Dutka, S. (1997).
Enhancing students’ helping behavior during peer-mediated instruction with con-
ceptual mathematical explanations. Elementary School Journal, 97(3), 223-249.

Fueyo, V., & Bushell, D. (1998). Using number line procedures and peer tutoring to
improve the mathematics computation of low-performing first graders. Journal of
Applied Behavior Analysis, 31(3), 417-430.

Fuson, K., Carroll, W., & Drueck, J. (2000). Achievement results for second and third
graders using the standards-based curriculum Everyday Mathematics. Journal for
Research in Mathematics Education, 31(3), 277-295.

Fuson, K. C., & Carroll, W. M. (n.d.-a). Performance of U.S. fifth graders in a reform
math curriculum compared to Japanese, Chinese, and traditionally taught U.S. stu-
dents. Unpublished manuscript.

Fuson, K. C., & Carroll, W. M. (n.d.-b). Summary of comparison of Everyday Math
(EM) and McMillan (MC): Evanston student performance on whole-class tests in
Grades 1, 2, 3, and 4. Unpublished manuscript.

Gabbert, B., Johnson, D. W., & Johnson, R. T. (1986). Cooperative learning, group-to-
individual transfer, process gain, and the acquisition of cognitive reasoning strate-
gies. Journal of Psychology, 120(3), 265-278.

Gallagher, P. A. (1991). Training the parents of Chapter 1 math students in the use of
mastery learning strategies to help increase math achievement. Unpublished doc-
toral dissertation, University of Pittsburgh.

Gatti, G. (2004a). ARC study. In Pearson Education (Ed.). Investigations in Number,
Data, and Space: Validation and research. Upper Saddle River, NJ: Pearson.

Gatti, G. (2004b). Scott Foresman—Addison Wesley Math national effect size study.
(Available from Pearson Education, K-12 School Group, 1 Lake Street, Upper
Saddle River, NJ 07458)

Giancola, S. (2000). Evaluation results of the Delaware Challenge Grant Project Lead
Education Agency: Capital School District. Newark: University of Delaware.

Gilbert-Macmillan, K. (1983). Mathematical problem solving in cooperative small
groups and whole class instruction. Unpublished doctoral dissertation, Stanford
University.

Gill, B. (1995). Project CHILD middle school follow-up evaluation: Final report.
Daniel Memorial Institute, Jacksonville, FL.

Gilman, D., & Brantley, T. (1988). The effects of computer-assisted instruction on
achievement, problem-solving skills, computer skills, and attitude: A study of an
experimental program at Marrs Elementary School, Mount Vernon, Indiana.
Indianapolis: Indiana State University. (ERIC Document Reproduction Service No.
ED302232)

Ginsburg, A., Leinwand, S., Anstrom, T., & Pollok, E. (2005). What the United States
can learn from Singapore’s world-class mathematics system (and what Singapore
can learn from the United States): An exploratory study. Washington, DC: American
Institutes for Research.

Ginsburg-Block, M. (1998). The effects of reciprocal peer problem-solving on the
mathematics achievement, academic motivation and self-concept of “at risk” urban
elementary students. Unpublished doctoral dissertation, University of Pennsylvania.

Ginsburg-Block, M., & Fantuzzo, J. W. (1997). Reciprocal peer tutoring: An analysis
of “teacher” and “student” interactions as a function of training and experience.
School Psychology Quarterly, 12, 134-149.

502

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

Effective Programs in Elementary Mathematics

Ginsburg-Block, M. D., & Fantuzzo, J. W. (1998). An evaluation of the relative effec-
tiveness of NCTM standards-based interventions for low-achieving urban elemen-
tary students. Journal of Educational Psychology, 90, 560-569.

Glassman, P. (1989). A study of cooperative learning in mathematics, writing, and
reading in the intermediate grades: A focus upon achievement , attitudes, and self-
esteem by gender, race, and ability group. Unpublished doctoral dissertation,
Hofstra University.

Glazerman, S., Levy, D. M., & Myers, D. (2002). Nonexperimental replications of
social experiments: A systematic review. Washington, DC: Mathematica.

Goldberg, L. F. (1989). Implementing cooperative learning within six elementary
school learning disability classrooms to improve math achievement and social skills.
Unpublished doctoral dissertation, Nova University.

Good, K., Bickel, R., & Howley, C. (2006). Saxon Elementary Math program effec-
tiveness study. Charleston, WV: Edvantia.

Good, T. L. & Grouws, D. A. (1979). The Missouri Mathematics Effectiveness Project:
An experimental study in fourth-grade classrooms. Journal of Educational
Psychology, 71(3), 355-362.

Goodrow, A. (1998). Children’s construction of number sense in traditional, construc-
tivist, and mixed classrooms. Unpublished doctoral dissertation, Tufts University.
Great Source. (2006). Every Day Counts Grades K—6: Research base and program
effectiveness [computer manual]. Retrieved from http://www.greatsource.com/

GreatSource/pdf/EveryDayCountsResearch206.pdf

Greenwood, C. R., Delquadri, J. C., & Hall, R. V. (1989). Longitudinal effects of class-
wide peer tutoring. Journal of Educational Psychology, 81(3), 371-383.

Greenwood, C. R., Dinwiddie, G., Terry, B., Wade, L., Stanley, S., Thibadeau, S.,
et al. (1984). Teacher-versus-peer mediated instruction: An ecobehavioral analysis
of achievement outcomes. Journal of Applied Behavior Analysis, 17, 521-538.

Greenwood, C. R., Terry, B., Utley, C. A., & Montagna, D. (1993). Achievement,
placement, and services: Middle school benefits of ClassWide Peer Tutoring used at
the elementary school. School Psychology Review, 22(3), 497-516.

Griffin, S. A., Case, R., & Siegler, R. S. (1994). Rightstart: Providing the central con-
ceptual prerequisites for first formal learning of arithmetic to students at risk for
school failure. In K. McGilly (Ed.), Classroom lessons: Integrating cognitive theory
and classroom practice (pp. 25-49). Cambridge, MA: MIT Press.

Grossen, B., & Ewing, S. (1994). Raising mathematics problem-solving performance:
Do the NCTM teaching standards help? Final report. Effective School Practices,
13(2), 79-91.

Gwaltney, L. (2000). Year three final report the Lightspan Partnership, Inc. Achieve
Now Project: Unified School District 259, Wichita Public Schools. Wichita, KS:
Allied Educational Research and Development Services.

Hallmark, B. W. (1994). The effects of group composition on elementary students’
achievement , self-concept, and interpersonal perceptions in cooperative learning
groups. Unpublished doctoral dissertation, University of Connecticut.

Hansen, E., & Greene, K. (n.d.). A recipe for math. What’s cooking in the classroom:
Saxon or traditional? Retrieved March 1, 2006, from http://www.secondary
english.com/recipeformath.html

Hativa, N. (1998). Computer-based drill and practice in arithmetic: Widening the gap
between high- and low-achieving students. American Educational Research
Journal, 25(3), 366-397.

503

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

Slavin & Lake

Haynie, T. R. (1989). The effects of computer-assisted instruction on the mathematics
achievement of selected groups of elementary school students. Unpublished doctoral
dissertation, George Washington University.

Heller, L. R., & Fantuzzo, J. W. (1993). Reciprocal peer tutoring and parent partner-
ship: Does parent involvement make a difference? School Psychology Review, 22(3),
517-535.

Hess, R. D., & McGarvey, L. J. (1987). School-relevant effects of educational use of
microcomputers in kindergarten classrooms and homes. Journal of Educational
Computing Research, 3(3), 269-287.

Hickey, D. T., Moore, A. L., & Pellegrino, J. W. (2001). The motivational and academic
consequences of elementary mathematics environments: Do constructivist innova-
tions and reforms make a difference? American Educational Research Journal,
38(3), 611-652.

Hiebert, J., & Wearne, D. (1993). Instructional tasks, classroom discourse, and stu-
dents’ learning in second-grade arithmetic. American Educational Research
Journal, 30(2), 393-425.

Hill, H. (2004). Professional development standards and practices in elementary school
math. Elementary School Journal, 104(3), 215-232.

Hohn, R., & Frey, B. (2002). Heuristic training and performance in elementary math-
ematical problem solving. Journal of Educational Research, 95(6), 374-380.

Holmes, C. T., & Brown, C. L. (2003). A controlled evaluation of a total school
improvement process, School Renaissance. Paper presented at the National
Renaissance Conference, Nashville, TN.

Hooper, S. (1992). Effects of peer interaction during computer-based mathematics
instruction. Journal of Education Research, 85(3), 180-189.

Hotard, S., & Cortez, M. (1983). Computer-assisted instruction as an enhancer of
remediation. Lafayette: University of Southwestern Louisiana.

Houghton Mifflin. (n.d.). Knowing Mathematics field test results for Lincoln Public
Schools: Fall 2002-Spring 2003. Boston: Author.

Hunter, C. T. L. (1994). A study of the effect of instructional method on the reading and
mathematics achievement of Chapter 1 students in rural Georgia. Unpublished doc-
toral dissertation, South Carolina State University.

Interactive. (2000). Documenting the effects of Lightspan Achieve Now! in the Adams
County School District 50: Year 3 report. Huntington, NY: Lightspan.

Interactive. (2001). Documenting the effects of Lightspan Achieve Now! in the
Hempstead Union Free School District: Year 2 report. Huntington, NY: Lightspan.

Interactive. (2003, August). An analysis of CompassLearning student achievement out-
comes in Pocatello, Idaho, 2002-03. (Available from CompassLearning, 9920
Pacific Heights Blvd., San Diego, CA 92121)

Interactive & Metis Associates. (2002). A multi-year analysis of the outcomes of
Lightspan Achievement Now in the Cleveland Municipal School District.
Huntington, NY: Lightspan.

Isbell, S. K. (1993). Impact on learning of computer-assisted instruction when aligned
with classroom curriculum in second-grade mathematics and fourth-grade reading.
Unpublished doctoral dissertation, Baylor University.

Jamison, M. B. (2000). The effects of linking classroom instruction in mathematics to
a prescriptive delivery of lessons on an integrated learning system. Unpublished
doctoral dissertation, Texas Tech University.

504

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

Effective Programs in Elementary Mathematics

Jitendra, A. K., Griffin, C. C., McGoey, K., Gardill, M. C., Bhat, P., & Riley, T. (1998).
Effects of mathematical word problem solving by students at risk or with mild dis-
abilities. Journal of Educational Research, 91(6), 345-355.

Jitendra, A. K., & Hoff, K. (1996). The effects of schema-based instruction on the
mathematical word-problem-solving performance of students with learning disabil-
ities. Journal of Learning Disabilities, 29(4), 422-431.

Johnson, D. W., Johnson, R. T., & Scott, L. (1978). The effects of cooperative and indi-
vidualized instruction on student attitudes and achievement. Journal of Social
Psychology, 104, 207-216.

Johnson, J., Yanyo, L., & Hall, M. (2002). Evaluation of student math performance in
California school districts using Houghton Mifflin Mathematics. Raleigh, NC: EDSTAR.

Johnson, L. C. (1985, December). The effects of the groups of four cooperative learn-
ing model on student problem-solving achievement in mathematics. Unpublished
doctoral dissertation, University of Houston.

Johnson-Scott, P. L. (2006). The impact of Accelerated Math on student achievement.
Unpublished doctoral dissertation, Mississippi State University.

Karper, J., & Melnick, S. A. (1993). The effectiveness of team accelerated instruction
on high achievers in mathematics. Journal of Instructional Psychology, 20(1), 49-54.

Kastre, N. J. (1995). A comparison of computer-assisted instruction and traditional
practice for mastery of basic multiplication facts. Unpublished doctoral disserta-
tion, Arizona State University.

Kelso, C. R., Booton, B., & Majumdar, D. (2003). Washington State Math Trailblazers
student achievement report. Chicago: University of Illinois at Chicago.

Kersh, M. (1970). A strategy for mastery learning in fifth grade arithmetic.
Unpublished doctoral dissertation, University of Chicago.

King, F. J., & Butzin, S. (1992). An evaluation of Project CHILD. Florida Technology
in Education Quarterly, 4(4), 45-63.

Kirk, V. C. (2003). Investigation of the impact of integrated learning system use on
mathematics achievement of elementary students. Unpublished doctoral dissertation,
East Tennessee State University.

Kopecky, C. L. (2005). A case study of the Math Matters professional development pro-
gram in one elementary school. Unpublished doctoral dissertation, University of
Southern California.

Kosciolek, S. (2003). Instructional factors related to mathematics achievement:
Evaluation of a mathematics intervention. Unpublished doctoral dissertation,
University of Minnesota.

Kozma, R. B. (1994). Will media influence learning? Reframing the debate.
Educational Technology Research and Development, 42(2), 7-19.

Kroesbergen, E. H., & Van Luit, J. E. H. (2003). Mathematical interventions for chil-
dren with special education needs. Remedial and Special Education, 24, 97-114.
Kromhout, O. M. (1993). Evaluation report Project CHILD, 1992—1993. Tallahassee, FL.
Kromhout, O. M., & Butzin, S. M. (1993). Integrating computers into the elementary
school curriculum: An evaluation of nine Project CHILD model schools. Journal of

Research of Computing in Education, 26(1), 55-70.

Kulik, J. A. (2003). Effects of using instructional technology in elementary and
secondary schools: What controlled evaluation studies say (SRI Project No.
P10446.001). Arlington, VA: SRI International.

Laub, C. (1995). Computer-integrated learning system and elementary student
achievement in mathematics: An evaluation study. Unpublished Doctoral
Dissertation, Temple University.

505

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

Slavin & Lake

Laub, C., & Wildasin, R. (1998). Student achievement in mathematics and the use of
computer-based instruction in the Hempfield School District. Landsville, PA:
Hempfield School District.

Leffler, K. (2001). Fifth-grade students in North Carolina show remarkable math gains.
Summary of Independent Math Research. Madison, WI: Renaissance Learning.

Leiker, V. (1993). The relationship between an integrated learning system, reading and
mathematics achievement, higher order thinking skills and certain demographic
variables: A study conducted in two school districts. Unpublished doctoral disserta-
tion, Baylor University.

Levy, M. H. (1985). An evaluation of computer assisted instruction upon the achieve-
ment of fifth grade students as measured by standardized tests. Unpublished doctoral
dissertation, University of Bridgeport.

Lin, A., Podell, D. M., & Tournaki-Rein, N. (1994). CAI and the development of auto-
maticity in mathematics skills in students with and without mild mental handicaps.
Computers in the Schools, 11, 43-58.

Lipsey, M. W., & Wilson, D. B. (2001). Practical meta-analysis. Thousand Oaks, CA:
Sage.

Long, V.M. (1991). Effects of mastery learning on mathematics achievement and atti-
tudes. Unpublished doctoral dissertation, University of Missouri—-Columbia.

Lucker, G. W., Rosenfield, D., Sikes, J., & Aronson, E. (1976). Performance in the
interdependent classroom: A field study. American Educational Research Journal,
13, 115-123.

Lykens, J. S. (2003). An evaluation of a standards-based mathematics program (Math
Trailblazers) in Delaware’s Caesar Rodney School District. Unpublished doctoral
dissertation, Wilmington College.

Mac Iver, M., Kemper, E., & Stringfield, S. (2003). The Baltimore Curriculum Project:
Final report of the four-year evaluation study. Baltimore: Johns Hopkins University,
Center for Social Organization of Schools.

Madden, N. A., & Slavin, R. E. (1983). Cooperative learning and social acceptance of
mainstreamed academically handicapped students. Journal of Special Education,
17(2), 171-182.

Madden, N. A., Slavin, R. E., & Simons, K. (1997). MathWings: Early indicators of
effectiveness (Rep. No. 17). Baltimore: Johns Hopkins University, Center for
Research on the Education of Students Placed at Risk.

Madden, N. A., Slavin, R. E., & Simons, K. (1999). MathWings: Effects on student
mathematics performance. Baltimore: Johns Hopkins University Center for
Research on the Education of Students Placed at Risk.

Mahoney, S. J. (1990). A study of the effects of EXCEL Math on mathematics achieve-
ment of second- and fourth-grade students. Unpublished doctoral dissertation,
Northern Arizona University.

Mann, D., Shakeshaft, C., Becker, J., & Kottkamp, R. (1999). West Virginia story:
Achievement gains from a statewide comprehensive instructional technology
program. Beverly Hills, CA: Milken Family Foundation with the West Virginia
Department of Education, Charleston.

Manuel, S. Q. (1987). The relationship between supplemental computer assisted math-
ematics instruction and student achievement. Unpublished doctoral dissertation,
University of Nebraska.

Martin, J. M. (1986). The effects of a cooperative, competitive, or combination goal
structure on the mathematics performance of Black children from extended family
backgrounds. Unpublished doctoral dissertation, Howard University.

506

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

Effective Programs in Elementary Mathematics

Mason, D. A., & Good, T. L. (1993). Effects of two-group and whole-class teaching
onregrouped elementary students’ mathematics achievement. American Educational
Research Journal, 30(2), 328-360.

Math Learning Center. (2003). Bridges in the classroom: Teacher feedback, student
data, & current research. Salem, OR: Author.

Mathematics Evaluation Committee. (1997). Chicago mathematics evaluation report:
Year two. Pennington, NJ: Hopewell Valley Regional School District.

Mayo, J. C. (1995). A quasi-experimental study comparing the achievement of primary
grade students using Math Their Way with primary grade students using traditional
instructional methods. Unpublished doctoral dissertation, University of South Carolina.

McCabe, K. J. (2001). Mathematics in our schools: An effort to improve mathematics
literacy. Unpublished master’s thesis, California State University, Long Beach.

McCormick, K. (2005). Examining the relationship between a standards-based ele-
mentary mathematics curriculum and issues of equity. Unpublished doctoral disser-
tation, Indiana University.

McDermott, P. A., & Watkins, M. W. (1983). Computerized vs. conventional remedial
instruction for learning-disabled pupils. Journal of Special Education, 17(1), 81-88.

McKernan, M. M. (1992). The effects of “Mathematics Their Way” and Chicago Math
Project on mathematical applications and story problem strategies of second
graders. Unpublished doctoral dissertation, Drake University.

McWhirt, R., Mentavlos, M., Rose-Baele, J. S., & Donnelly, L. (2003). Evaluation of
the implementation and effectiveness of SuccessMaker. Charleston, SC: Charleston
County School District.

Mehrens, W. A., & Phillips, S. E. (1986). Detecting impacts of curricular differences
in achievement test data. Journal of Educational Measurement, 23(3), 185-196.
Mercer, C. D., & Miller, S. P. (1992). Teaching students with learning problems in
math to acquire, understand, and apply basic math facts. Remedial and Special

Education, 13(3), 19-35.

Merrell, M. L. B. (1996). The achievement and self-concept of elementary grade stu-
dents who have received Direct Instruction. Unpublished doctoral dissertation,
University of Southern Mississippi.

Mevarech, Z. R. (1985). The effects of cooperative mastery learning strategies on math-
ematics achievement. Journal of Educational Research, 78(3), 372-3717.

Mevarech, Z. R. (1991). Learning mathematics in different mastery environments.
Journal of Education Research, 84(4), 225-231.

Mevarech, Z. R., & Rich, Y. (1985). Effects of computer-assisted mathematics instruc-
tion on disadvantaged pupils’ cognitive and affective development. Journal of
Educational Research, 79(1), 5-11.

Meyer, L. (1984). Long-term academic effects of Direct Instruction Project Follow
Through. Elementary School Journal, 84(4), 380-394.

Miller, H. (1997). Quantitative analyses of student outcome measures. International
Journal of Education Research, 27(2), 119-136.

Mills, S. C. (1997). Implementing integrated learning systems in elementary class-
rooms. Unpublished doctoral dissertation, University of Oklahoma.

Mintz, K. S. (2000). A comparison of computerized and traditional instruction in ele-
mentary mathematics. Unpublished doctoral dissertation, University of Alabama.
Mokros, J., Berle-Carmen, M., Rubin, A., & O’Neil, K. (1996, April). Learning oper-
ations: Invented strategies that work. Paper presented at the annual meeting of the

American Educational Research Association, New York, NY.

507

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

Slavin & Lake

Mokros, J., Berle-Carmen, M., Rubin, A., & Wright, T. (1994). Full year pilot Grades
3 and 4: Investigations in numbers, data, and space. Cambridge, MA: Technical
Education Research Centers.

Monger, C. T. (1989). Effects of a mastery learning strategy on elementary and
middle school mathematics students’ achievement and subject related affect.
Unpublished doctoral dissertation, University of Tulsa.

Moody, E. C. (1994). Implementation and integration of a computer-based integrated
learning system in an elementary school. Unpublished doctoral dissertation, Florida
State University.

Morgan, J. C. (1994). Individual accountability in cooperative learning groups: Its
impact on achievement and attitude with grade three students. Unpublished master’s
thesis, University of Manitoba.

Moskowitz, J. M., Malvin, J. H., Schaeffer, G. A., & Schaps, E. (1983). Evaluation of
a cooperative learning strategy. American Educational Research Journal, 20(4),
687-696.

Moss, J., & Case, R. (1999). Developing children’s understanding of the rational
numbers: A new model and an experimental curriculum. Journal for Research in
Mathematics Education, 30(2), 122—147.

Murphy, L. A. (1998). Learning and affective issues among higher- and lower-
achieving third-graders in math reform classrooms: Perspectives of children, par-
ents, and teachers. Unpublished doctoral dissertation, Northwestern University.

Murphy, R., Penuel, W., Means, B., Korbak, C., Whaley, A., & Allen, J. (2002).
E-DESK: A review of recent evidence on discrete educational software (SRI
International Report). Menlo Park, CA: SRI International.

National Assessment of Educational Progress. (2005). The nation’s report card.
Washington, DC: National Center for Education Statistics.

National Research Council. (2004). On evaluating curricular effectiveness.
Washington, DC: National Academies Press.

Nattiv, A. (1994). Helping behaviors and math achievement gain of students using
cooperative learning. Elementary School Journal, 94(3), 285-297.

New Century Education Corporation. (2003). New Century Integrated Instructional
System, evidence of effectiveness: Documented improvement results from client
schools and districts. Piscataway, NJ: Author.

Nguyen, K. (1994). The 1993-1994 Saxon mathematics evaluation report. Oklahoma
City: Oklahoma City Public Schools.

Nguyen, K., & Elam, P. (1993). The 1992—1993 Saxon mathematics evaluation report.
Oklahoma City: Oklahoma City Public Schools.

Opuni, K. A. (2006). The effectiveness of the Consistency Management & Cooperative
Discipline® (CMCD) model as a student empowerment and achievement enhancer:
The experiences of two K—12 inner-city school systems. Paper presented at the 4th
Annual Hawaii International Conference of Education, Honolulu, Hawaii.

Orabuchi, I. 1. (1992). Effects of using interactive CAI on primary grade students’
higher-order thinking skills: Inferences, generalizations, and math problem solving.
Unpublished doctoral dissertation, Texas Woman’s University.

Orr, C. (1991). Evaluating restructured elementary classes: Project CHILD summative
evaluation. Paper presented at the Southeast Evaluation Association, Tallahassee, FL.

Patterson, D. (2005). The effects of Classworks in the classroom. Stephenville, TX:
Tarleton State University.

Pellegrino, J. W., Hickey, D., Heath, A., Rewey, K., & Vye, N. J. (1992). Assessing the
outcomes of an innovative instructional program: The 1990-1991 implementation

508

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

Effective Programs in Elementary Mathematics

of the “Adventures of Jasper Woodbury.” Nashville, TN: Vanderbilt University,
Learning Technology Center.

Perkins, S. A. (1987). The relationship between computer-assisted instruction in read-
ing and mathematics achievement and selected student variables. Unpublished doc-
toral dissertation, University of Michigan.

Peterson, P. L., Janicki, T. C., & Swing, S. R. (1981). Ability X Treatment interaction
effects on children’s learning in large-group and small-group approaches. American
Educational Research Journal, 18(4), 453—473.

Phillips, C. K. (2001). The effects of an integrated computer program on math and
reading improvement in grades three through five. Unpublished doctoral disserta-
tion, University of Tennessee.

Pigott, H. E., Fantuzzo, J. W., & Clement, P. W. (1986). The effects of reciprocal peer
tutoring and group contingencies on the academic performance of elementary school
children. Journal of Applied Behavior Analysis, 19, 93-98.

Podell, D. M., Tournaki-Rein, N., & Lin, A. (1992). Automatization of mathematics
skills via computer-assisted instruction among students with mild mental handicaps.
Education and Training in Mental Retardation, 27, 200-206.

Pratton, J., & Hales, L. W. (1986). The effects of active participation on student learn-
ing. Journal of Educational Research, 79(4), 210-215.

Quinn, D. W., & Quinn, N. W. (2001a). Evaluation series: Preliminary study: PLATO
elementary math software, Fairview Elementary, Dayton, Ohio. Bloomington, MN:
PLATO Learning.

Quinn, D. W., & Quinn, N. W. (2001b). Evaluation series: Grades 1-8, Apache
Junction Unified School District 43. Bloomington, MN: PLATO Learning.

Rader, J. B. (1996). The effect of curriculum alignment between mathematics instruc-
tion and CAI mathematics on student performance and attitudes, staff attitudes, and
alignment. Unpublished doctoral dissertation, United States International University.

Ragosta, M. (1983). Computer-assisted instruction and compensatory education: A
longitudinal analysis. Machine-Mediated Learning, 1(1), 97-127.

Resendez, M., & Azin, M. (2005). The relationship between using Saxon Elementary
and Middle School Math and student performance on Georgia statewide assess-
ments. Jackson, WY: PRES Associates.

Resendez, M., & Manley, M. A. (2005). A study on the effectiveness of the 2004 Scott
Foresman—Addison Wesley elementary math program. Jackson, WY: PRES
Associates.

Resendez, M.. & Sridharan, S. (2005). A study on the effectiveness of the 2004 Scott
Foresman—Addison Wesley elementary math program: Technical report. Jackson,
WY: PRES Associates.

Resendez, M., & Sridharan, S. (2006). A study of the effectiveness of the 2005 Scott
Foresman—Addison Wesley elementary math program. Jackson, WY: PRES
Associates.

Resendez, M., Sridharan, S., & Azin, M. (2006). The relationship between using Saxon
Elementary School Math and student performance on the Texas statewide assess-
ments. Jackson, WY: PRES Associates.

Riordan, J., & Noyce, P. (2001). The impact of two standards-based mathematics cur-
ricula on student achievement in Massachusetts. Journal for Research in Mathematics
Education, 32(4), 368-398.

Ross, L. G. (2003). The effects of a standards-based mathematics curriculum on fourth
and fifth grade achievement in two Midwest cities. Unpublished doctoral disserta-
tion, University of lowa.

509

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

Slavin & Lake

Ross, S. M., & Nunnery, J. A. (2005). The effect of School Renaissance on student
achievement in two Mississippi school districts. Memphis, TN: Center for Research
in Educational Policy, University of Mempbhis.

Roy, J. W. (1993). An investigation of the efficacy of computer-assisted mathematics,
reading, and language arts instruction. Unpublished doctoral dissertation, Baylor
University.

Ruffin, M. R., Taylor, M., & Butts, L. W. (1991). Report of the 1989-1990 Barrett
Math Program (Report No. 12, Vol. 25). Atlanta, GA: Atlanta Public Schools,
Department of Research and Evaluation. (ERIC Document Reproduction Service
No. 365508)

Rust, A. L. (1999). A study of the benefits of math manipulatives versus standard cur-
riculum in the comprehension of mathematical concepts. Knoxville, TN: Johnson
Bible College. (ERIC Document Reproduction Service No. 436395)

Salvo, L. C. (2005). Effects of an experimental curriculum on third graders’ knowledge
of multiplication facts. Unpublished doctoral dissertation, George Mason University.

Schmidt, S. (1991). Technology for the 21st century: The effects of an integrated dis-
tributive computer network system on student achievement. Unpublished doctoral
dissertation, University of La Verne, CA.

Schoenfeld, A. H. (2006). What doesn’t work: The challenge and failure of the What
Works Clearinghouse to conduct meaningful reviews of studies of mathematics cur-
ricula. Educational Researcher, 35(2), 13-21.

Schreiber, F., Lomas, C., & Mys, D. (1988). Evaluation of student reading and math-
ematics: WICAT computer managed instructional program, Salina Elementary
School. Dearborn, MI: Office of Research and Evaluation, Public Schools.

Sconiers, S., Isaacs, A., Higgins, T., McBride, J., & Kelso, C. (2003). The Arc Center
Tri-State Student Achievement Study. Lexington, MA: COMAP.

Sedlmeier, P., & Gigerenzer, G. (1989). Do studies of statistical power have an effect
on the power of studies? Psychological Bulletin, 105(2), 309-316.

Shanoski, L. A. (1986). An analysis of the effectiveness of using microcomputer
assisted mathematics instruction with primary and intermediate level students.
Unpublished doctoral dissertation, Indiana University of Pennsylvania.

Shaughnessy, J., & Davis, A. (1998). Springfield research study: Impact of Opening
Eyes and Visual Mathematics curricula. Portland, OR: Northwest Regional
Educational Laboratory.

Shawkey, J. (1989). A comparison of two first grade mathematics programs: Math Their
Way and Explorations. Unpublished doctoral dissertation, University of the Pacific.

Sheffield, S. (2004). Evaluation of Houghton Mifflin Math® 2005 in the Chicopee
Public School District: Second year results.

Sheffield, S. (2005). Evaluation of Houghton Mifflin Math® 2005 in the Chicopee
Public School District: First year results.

Sherwood, R. D. (1991). The development and preliminary evaluation of anchored
instruction environments for developing mathematical and scientific thinking. Paper
presented at the meeting of the National Association for Research in Science Teaching,
Lake Geneva, WI. (ERIC Document Reproduction Service No. ED335221)

Shiah, R. L., Mastropieri, M. A., Scruggs, T. E., & Fulk, B.J. (1994-1995). The effects
of computer-assisted instruction on the mathematical problem-solving of students
with learning disabilities. Exceptionality, 5(3), 131-161.

Simpson, N. (2001). Scott Foresman California Mathematics validation study
pretest—posttest results (Report No. VM-17-3005-CA). (Available from Pearson
Scott Foresman, 1415 L Street, Suite 800, Sacramento, CA 95814)

510

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

Effective Programs in Elementary Mathematics

Sinkis, D. M. (1993). A comparison of Chapter One student achievement with and with-
out computer-assisted instruction. Unpublished doctoral dissertation, University of
Massachusetts.

Slavin, R. E. (1986). Best-evidence synthesis: An alternative to meta-analytic and tra-
ditional reviews. Educational Researcher, 15(9), 5-11.

Slavin, R. E. (2008). What works? Issues in synthesizing educational program evaluations.
Educational Researcher, 37(1), 5-14.

Slavin, R. E., & Karweit, N. L. (1985). Effects of whole class, ability grouped, and indi-
vidualized instruction on mathematics achievement. American Educational
Research Journal, 22(3), 351-367.

Slavin, R. E., Lake, C., & Groff, C. (2007). Effective programs for middle and high
school mathematics: A best-evidence synthesis. Baltimore: Johns Hopkins University,
Center for Data-Driven Reform in Education. Available at www.bestevidence.org

Slavin, R. E., Leavey, M., & Madden, N. A. (1984). Combining cooperative learning
and individualized instruction: Effects on student mathematics achievement, atti-
tudes, and behaviors. Elementary School Journal, 84(4), 409-422.

Slavin, R. E., Madden, N. A., & Leavey, M. (1984a). Effects of cooperative learning
and individualized instruction on mainstreamed students. Exceptional Children,
50(5), 434-443.

Slavin, R. E., Madden, N. A., & Leavey, M. (1984b). Effects of team assisted individ-
ualization on the mathematics achievement of academically handicapped and non-
handicapped students. Journal of Educational Psychology, 76(5), 813-819.

Sloan, H. A. (1993). Direct Instruction in fourth and fifth grade classrooms.
Unpublished master’s thesis, Purdue University.

Snider, V. E., & Crawford, D. B. (1996). Action research: Implementing Connecting
Math Concepts. Effective School Practices, 15(2), 17-26.

Snow, M. (1993). The effects of computer-assisted instruction and focused tutorial ser-
vices on the academic achievement of marginal learners. Unpublished doctoral dis-
sertation, University of Miami.

Spencer, T. M. (1999). The systemic impact of integrated learning systems on mathe-
matics achievement. Unpublished doctoral dissertation, Eastern Michigan University.

Spicuzza, R., Ysseldyke, J., Lemkuil, A., Kosciolek, S., Boys, C., & Teelucksingh, E.
(2001). Effects of curriculum-based monitoring on classroom instruction and math
achievement. Journal of School Psychology, 39(6), 541-542.

SRA/McGraw-Hill. (2003). Everyday Mathematics student achievement studies (Vol.
4). Chicago: Author.

Stallings, J. (1985). A study of implementation of Madeline Hunter’s model and its
effects on students. Journal of Educational Research, 78(6), 325-337.

Stallings, J., & Krasavage, E. M. (1986). Program implementation and student achieve-
ment in a four-year Madeline Hunter Follow-Through Project. Elementary School
Journal, 87(2), 117-138.

Stallings, P., Robbins, P., Presbrey, L., & Scott, J. (1986). Effects of instruction based
on the Madeline Hunter model on students’ achievement: Findings from a follow-
through project. Elementary School Journal, 86(5), 571-587.

Stecker, P., & Fuchs, L. (2000). Expecting superior achievement using curriculum-
based measurement: The importance of individual progress monitoring. Learning
Disabilities Research and Practice, 15(3), 128—134.

Stevens, J. W. (1991). Impact of an integrated learning system on third-, fourth-, and
fifth-grade mathematics achievement. Unpublished doctoral dissertation, Baylor
University.

511

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

Slavin & Lake

Stevens, R. J., & Slavin, R. E. (1995). Effects of a cooperative learning approach in
reading and writing on handicapped and nonhandicapped students’ achievement,
attitudes, and metacognition in reading and writing. Elementary School Journal, 95,
241-262.

Stone, T. (1996). The academic impact of classroom computer usage upon middle-
class primary grade level elementary school children. Unpublished doctoral disser-
tation, Widener University.

Sullivan, F. L. (1989). The effects of an integrated learning system on selected fourth-
and fifth-grade students. Unpublished doctoral dissertation, Baylor University.

Suppes, P., Fletcher, J. D., Zanotti, M., Lorton, P. V., Jr., & Searle, B. W. (1973).
Evaluation of computer-assisted instruction in elementary mathematics for hearing-
impaired students. Stanford, CA: Institute for Mathematical Studies in the Social
Sciences, Stanford University.

Suyanto, W. (1998). The effects of student teams—achievement divisions on mathemat-
ics achievement in Yogyakarta rural primary schools. Unpublished doctoral disser-
tation, University of Houston.

Swing, S., & Peterson, P. (1982). The relationship of student ability and small group
interaction to student achievement. American Educational Research Journal, 19,
259-274.

Tarver, S. G., & Jung, J. A. (1995). A comparison of mathematics achievement and
mathematics attitudes of first and second graders instructed with either a discovery-
learning mathematics curriculum or a direct instruction curriculum. Effective School
Practices, 14(1), 49-57.

Taylor, L. (1999). An integrated learning system and its effect on examination perfor-
mance in mathematics. Computers and Education, 32(2), 95-107.

Teelucksingh, E., Ysseldyke, J., Spicuzza, R., & Ginsburg-Block, M. (2001).
Enhancing the learning of English language learners: Consultation and a curricu-
lum based monitoring system. Minneapolis: University of Minnesota, National
Center on Educational Outcomes.

Tieso, C. (2005). The effects of grouping practices and curricular adjustments on
achievement. Journal for the Education of the Gifted, 29(1), 60-89.

Tingey, B., & Simon, C. (2001). Relationship study for SuccessMaker levels and SAT-
9 in Hueneme 3 Elementary District, school year 2000-2001, with growth analysis
(Pearson Education Technologies). Pt. Hueneme, CA.

Tingey, B. & Thrall, A. (2000). Duval County Public Schools evaluation report for
1999-2000 (Pearson Education Technologies). Duval County, FL.

Torgerson, C. J. (2006). Publication bias: The Achilles’ heel of systematic reviews?
British Journal of Educational Studies, 54(1), 89—-102.

Trautman, T., & Howe, Q. (2004). Computer-aided instruction in mathematics:
Improving performance in an inner city elementary school serving mainly English
language learners. Oklahoma City, OK: American Education Corporation.

Trautman, T. S., & Klemp, R. (2004). Computer aided instruction and academic
achievement: A study of the AnyWhere Learning System in a district wide implemen-
tation. Oklahoma City, OK: American Education Corporation.

Tsuei, M. (2005, June). Effects of a Web-based curriculum-based measurement system
on math achievement: A dynamic classwide growth model. Paper presented at the
National Educational Computing Conference, Philadelphia, PA.

Turner, L. G. (1985). An evaluation of the effects of paired learning in a mathematics
computer-assisted-instruction program. Unpublished doctoral dissertation, Arizona
State University.

512

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

Effective Programs in Elementary Mathematics

Tuscher, L. (1998). A three-year longitudinal study assessing the impact of the
SuccessMaker program on student achievement and student and teacher attitudes in
the Methacton School District elementary schools. Lehigh, PA: Lehigh University.

Underwood, J., Cavendish, S., Dowling, S., Fogelman, K., & Lawson, T. (1996). Are
integrated learning systems effective learning support tools? Computers Education,
26(1-3), 33-40.

Van Dusen, L. M., & Worthen, B. R. (1994). The impact of integrated learning system
implementation on student outcomes: Implications for research and evaluation.
International Journal of Educational Research, 21(1), 13-24.

Vaughan, W. (2002). Effects of cooperative learning on achievement and attitude
among students of color. Journal of Educational Research, 95(6), 359-364.

Villasenor, A., & Kepner, H. S. (1993). Arithmetic from a problem-solving perspective: An
urban implementation. Journal for Research in Mathematics Education, 24(1), 62—69.

Vogel, J. J., Greenwood-Ericksen, A., Cannon-Bowers, J., & Bowers, C.A. (20006).
Using virtual reality with and without gaming attributes for academic achievement.
Journal of Research on Technology in Education, 39(1), 105-118.

Vreeland, M., Vail, J., Bradley, L., Buetow, C., Cipriano, K., Green, C., et al. (1994).
Accelerating cognitive growth: The Edison School Math Project. Effective School
Practices, 13(2), 64—69.

Waite, R. E. (2000). A study on the effects of Everyday Mathematics on student achieve-
ment of third-, fourth-, and fifth-grade students in a large north Texas urban school
district. Unpublished doctoral dissertation, University of North Texas.

Watkins, M. W. (1986). Microcomputer-based math instruction with first-grade stu-
dents. Computers in Human Behavior, 2, 71-75.

Webster, A. H. (1990). The relationship of computer assisted instruction to mathemat-
ics achievement, student cognitive styles, and student and teacher attitudes.
Unpublished doctoral dissertation, Delta State University, Cleveland, MS.

Webster, W. (1995). The evaluation of Project SEED, 1991-94: Detroit Public
Schools. Detroit, MI: Detroit Public Schools.

Webster, W., & Chadbourn, R. (1996). Evaluation of Project SEED through 1995.
Dallas, TX: Dallas Public Schools.

Webster, W. J. (1998). The national evaluation of Project SEED in five school districts:
1997-1998. Dallas, TX: Webster Consulting.

Webster, W. J., & Chadbourn, R. A. (1989). Final report: The longitudinal effects of
SEED instruction on mathematics achievement and attitudes. Dallas, TX: Dallas ISD.

Webster, W.J., & Chadbourn, R. A. (1992). The evaluation of Project SEED: 1990-91.
Dallas, TX: Dallas ISD.

Webster, W. J., & Dryden, M. (1998). The evaluation of Project SEED: 1997—-1998:
Detroit Public Schools. Detroit, MI: Detroit Public Schools.

Weidinger, D. (2006). The effects of classwide peer tutoring on the acquisition of kinder-
garten reading and math skills. Unpublished doctoral dissertation, University of Kansas.

Wellington, J. (1994). Evaluating a mathematics program for adoption: Connecting
Math Concepts. Effective School Practices, 13(2), 70-75.

Wenglinsky, H. (1998). Does it compute? The relationship between educational tech-
nology and student achievement in mathematics. Princeton, NJ: Educational Testing
Service Policy Information Center.

What Works Clearinghouse. (2005). Middle school math curricula. Washington, DC:
U.S. Department of Education. Retrieved July 6, 2006, from http://www
.whatworks.ed.gov/Topic.asptid=03&ReturnPage=default.asp

513

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

Slavin & Lake

What Works Clearinghouse. (2006). Elementary school math. Washington, DC: U.S.
Department of Education. Retrieved September 21, 2006, from http://w-w-
c.org/Topic.asp?tid=04&ReturnPage=default.asp

Whitaker, J. C. (2005). Impact of an integrated learning system on reading and mathe-
matics achievement. Unpublished doctoral dissertation, Tennessee State University.

White, M. S. (1996). The effects of TIPS Math activities on fourth grade student
achievement in mathematics and on primary caregivers’ and teachers’ opinions
about primary caregivers’ involvement in schoolwork. Unpublished master’s thesis,
University of Maryland.

Wildasin, R. L. (1994). A report on ILS implementation and student achievement in
mathematics during the 1993—94 school year. Landisville, PA: Hempfield School
District.

Williams, D. (2005). The impact of cooperative learning in comparison to traditional
instruction on the understanding of multiplication in third grade students.
Unpublished doctoral dissertation, Capella University.

Wilson, C. L., & Sindelar, P. T. (1991). Direct Instruction in math word problems:
Students with learning disabilities. Exceptional Children, 57(6), 512-519.

Wodarz, N. (1994). The effects of computer usage on elementary students’ attitudes,
motivation and achievement in mathematics. Unpublished doctoral dissertation,
Northern Arizona University.

Woodward, J., & Baxter, J. (1997). The effects of an innovative approach to mathemat-
ics on academically low-achieving students in inclusive settings. Exceptional
Children, 63(3), 373-389.

Xin, J. F. (1999). Computer-assisted cooperative learning in integrated classrooms for
students with and without disabilities. Information Technology in Childhood
Education, 1(1), 61-78.

Yager, S., Johnson, R. T., Johnson D. W., & Snider, B. (1986). The impact of group
processing on achievement in cooperative learning groups. Journal of Social
Psychology, 126(3), 389-397.

Ysseldyke, J., Betts, J., Thill, T., & Hannigan, E. (2004). Use of an instructional man-
agement system to improve mathematics skills for students in Title I programs.
Preventing School Failure, 48(4), 10-14.

Ysseldyke, J., Spicuzza, R., Kosciolek, S., & Boys, C. (2003). Effects of a learning
information system on mathematics achievement and classroom structure. Journal
of Educational Research, 96(3), 163—173.

Ysseldyke, J., Spicuzza, R., Kosciolek, S., Teelucksingh, E., Boys, C., & Lemkuil, A.
(2003). Using a curriculum-based instructional management system to enhance math
achievement in urban schools. Journal of Education for Students Placed at Risk,
8(20), 247-265.

Ysseldyke, J., & Tardrew, S. (2002). Differentiating math instruction: A large-scale
study of Accelerated Math [final rep.]. Wisconsin Rapids, WI: Renaissance Learning.

Ysseldyke, J., & Tardrew, S. (2005). Use of a progress monitoring system to enable
teachers to differentiate math instruction. Minneapolis: University of Minnesota.

Ysseldyke, J., Tardrew, S., Betts, J., Thill, T., & Hannigan, E. (2004). Use of an instruc-
tional management system to enhance math instruction of gifted and talented stu-
dents. Journal of Education for the Gifted, 27(4), 293-310.

Ysseldyke, J. E., & Bolt, D. (2006). Effect of technology-enhanced progress monitor-
ing on math achievement. Minneapolis: University of Minnesota.

514

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com

Effective Programs in Elementary Mathematics

Zollman, A., Oldham, B., & Wyrick, J. (1989). Effects of computer-assisted instruc-
tion on reading and mathematics achievement of Chapter 1 students. Lexington, KY:
Fayette County Public Schools.

Zuber, R. L. (1992). Cooperative learning by fifth-grade students: The effects of scripted
and unscripted techniques. Unpublished doctoral dissertation, Rutgers University.

Authors

ROBERT E. SLAVIN is director of the Center for Research and Reform in Education at
Johns Hopkins University, director of the Institute for Effective Education at the
University of York, and cofounder and chairman of the Success for All Foundation;
200 W. Towsontown Boulevard, Baltimore, MD 21204; rslavin @jhu.edu.

CYNTHIA LAKE is a research scientist for the Center for Research and Reform in
Education at Johns Hopkins University, CDDRE, 200 W. Towsontown Boulevard,
Baltimore, MD 21204; clake5 @jhu.edu. Her research interests include comprehensive
school reform, school improvement, and educational research methods and statistics. She
is currently a data analyst of meta-analyses of education for the Best Evidence
Encyclopedia.

515

Downloaded from http://rer.aera.net at HELIN on January 21, 2009


http://rer.sagepub.com


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-Italic
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeCorpID-Acrobat
    /AdobeCorpID-Adobe
    /AdobeCorpID-Bullet
    /AdobeCorpID-MinionBd
    /AdobeCorpID-MinionBdIt
    /AdobeCorpID-MinionRg
    /AdobeCorpID-MinionRgIt
    /AdobeCorpID-MinionSb
    /AdobeCorpID-MinionSbIt
    /AdobeCorpID-MyriadBd
    /AdobeCorpID-MyriadBdIt
    /AdobeCorpID-MyriadBdScn
    /AdobeCorpID-MyriadBdScnIt
    /AdobeCorpID-MyriadBl
    /AdobeCorpID-MyriadBlIt
    /AdobeCorpID-MyriadLt
    /AdobeCorpID-MyriadLtIt
    /AdobeCorpID-MyriadPkg
    /AdobeCorpID-MyriadRg
    /AdobeCorpID-MyriadRgIt
    /AdobeCorpID-MyriadRgScn
    /AdobeCorpID-MyriadRgScnIt
    /AdobeCorpID-MyriadSb
    /AdobeCorpID-MyriadSbIt
    /AdobeCorpID-MyriadSbScn
    /AdobeCorpID-MyriadSbScnIt
    /AdobeCorpID-PScript
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldEx
    /AkzidenzGroteskBE-BoldExIt
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-Ex
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightEx
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdEx
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-ItalicOsF
    /Aldus-Roman
    /Aldus-RomanSC
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmericanTypewriter-Bold
    /AmericanTypewriter-BoldA
    /AmericanTypewriter-BoldCond
    /AmericanTypewriter-BoldCondA
    /AmericanTypewriter-Cond
    /AmericanTypewriter-CondA
    /AmericanTypewriter-Light
    /AmericanTypewriter-LightA
    /AmericanTypewriter-LightCond
    /AmericanTypewriter-LightCondA
    /AmericanTypewriter-Medium
    /AmericanTypewriter-MediumA
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AssemblyLightSSK
    /AuroraBT-BoldCondensed
    /AuroraBT-RomanCondensed
    /AuroraOpti-Condensed
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /Avenir-Black
    /Avenir-BlackOblique
    /Avenir-Book
    /Avenir-BookOblique
    /Avenir-Heavy
    /Avenir-HeavyOblique
    /Avenir-Light
    /Avenir-LightOblique
    /Avenir-Medium
    /Avenir-MediumOblique
    /Avenir-Oblique
    /Avenir-Roman
    /BaileySansITC-Bold
    /BaileySansITC-BoldItalic
    /BaileySansITC-Book
    /BaileySansITC-BookItalic
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Baskerville-Normal-Italic
    /BauerBodoni-Black
    /BauerBodoni-BlackCond
    /BauerBodoni-BlackItalic
    /BauerBodoni-Bold
    /BauerBodoni-BoldCond
    /BauerBodoni-BoldItalic
    /BauerBodoni-BoldItalicOsF
    /BauerBodoni-BoldOsF
    /BauerBodoni-Italic
    /BauerBodoni-ItalicOsF
    /BauerBodoni-Roman
    /BauerBodoni-RomanSC
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Heavy
    /BauhausITCbyBT-Light
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Benguiat-Bold
    /Benguiat-BoldItalic
    /Benguiat-Book
    /Benguiat-BookItalic
    /BenguiatGothicITCbyBT-Bold
    /BenguiatGothicITCbyBT-BoldItal
    /BenguiatGothicITCbyBT-Book
    /BenguiatGothicITCbyBT-BookItal
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /Benguiat-Medium
    /Benguiat-MediumItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BernhardTangoBT-Regular
    /BlockBE-Condensed
    /BlockBE-ExtraCn
    /BlockBE-ExtraCnIt
    /BlockBE-Heavy
    /BlockBE-Italic
    /BlockBE-Regular
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /BroadwayBT-Regular
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Caliban
    /CarminaBT-Bold
    /CarminaBT-BoldItalic
    /CarminaBT-Light
    /CarminaBT-LightItalic
    /CarminaBT-Medium
    /CarminaBT-MediumItalic
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonOpenFace
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /CaxtonBT-Bold
    /CaxtonBT-BoldItalic
    /CaxtonBT-Book
    /CaxtonBT-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /Century-Bold
    /Century-BoldItalic
    /Century-Book
    /Century-BookItalic
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /Century-HandtooledBold
    /Century-HandtooledBoldItalic
    /Century-Light
    /Century-LightItalic
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Roman
    /Century-Ultra
    /Century-UltraItalic
    /CharterBT-Black
    /CharterBT-BlackItalic
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Cheltenham-HandtooledBdIt
    /Cheltenham-HandtooledBold
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMR10
    /CMR8
    /CMSY10
    /CMSY8
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Light
    /CooperBT-LightItalic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Della-RobbiaItalicBT
    /Della-RobbiaSCaps
    /Del-NormalSmallCaps
    /Delphin-IA
    /Delphin-IIA
    /Delta-Bold
    /Delta-BoldItalic
    /Delta-Book
    /Delta-BookItalic
    /Delta-Light
    /Delta-LightItalic
    /Delta-Medium
    /Delta-MediumItalic
    /Delta-Outline
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /DomCasual
    /DomCasual-Bold
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ELANGO-IB-A03
    /ELANGO-IB-A75
    /ELANGO-IB-A99
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /ElGreco
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldCondensed
    /Eurostile-BoldExtendedTwo
    /Eurostile-BoldOblique
    /Eurostile-Condensed
    /Eurostile-Demi
    /Eurostile-DemiOblique
    /Eurostile-ExtendedTwo
    /EurostileLTStd-Demi
    /EurostileLTStd-DemiOblique
    /Eurostile-Oblique
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /FairfieldLH-Bold
    /FairfieldLH-BoldItalic
    /FairfieldLH-BoldSC
    /FairfieldLH-CaptionBold
    /FairfieldLH-CaptionHeavy
    /FairfieldLH-CaptionLight
    /FairfieldLH-CaptionMedium
    /FairfieldLH-Heavy
    /FairfieldLH-HeavyItalic
    /FairfieldLH-HeavySC
    /FairfieldLH-Light
    /FairfieldLH-LightItalic
    /FairfieldLH-LightSC
    /FairfieldLH-Medium
    /FairfieldLH-MediumItalic
    /FairfieldLH-MediumSC
    /FairfieldLH-SwBoldItalicOsF
    /FairfieldLH-SwHeavyItalicOsF
    /FairfieldLH-SwLightItalicOsF
    /FairfieldLH-SwMediumItalicOsF
    /Fences
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Flood
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDAaOsF
    /FontanaNDAaOsF-Italic
    /FontanaNDCcOsF-Semibold
    /FontanaNDCcOsF-SemiboldIta
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Bold
    /FontanaNDEeOsF-BoldItalic
    /FontanaNDEeOsF-Light
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /ForteMT
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FrankfurterHigD
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /Freeform721BT-Bold
    /Freeform721BT-BoldItalic
    /Freeform721BT-Italic
    /Freeform721BT-Roman
    /FreestyleScrD
    /FreestyleScript
    /Freestylescript
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /Futura-Thin
    /Galliard-Black
    /Galliard-BlackItalic
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Galliard-Roman
    /Galliard-Ultra
    /Galliard-UltraItalic
    /Garamond-Antiqua
    /GaramondBE-Bold
    /GaramondBE-BoldExpert
    /GaramondBE-BoldOsF
    /GaramondBE-CnExpert
    /GaramondBE-Condensed
    /GaramondBE-CondensedSC
    /GaramondBE-Italic
    /GaramondBE-ItalicExpert
    /GaramondBE-ItalicOsF
    /GaramondBE-Medium
    /GaramondBE-MediumCn
    /GaramondBE-MediumCnExpert
    /GaramondBE-MediumCnOsF
    /GaramondBE-MediumExpert
    /GaramondBE-MediumItalic
    /GaramondBE-MediumItalicExpert
    /GaramondBE-MediumItalicOsF
    /GaramondBE-MediumSC
    /GaramondBE-Regular
    /GaramondBE-RegularExpert
    /GaramondBE-RegularSC
    /GaramondBE-SwashItalic
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-Halbfett
    /Garamond-HandtooledBold
    /Garamond-HandtooledBoldItalic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-BookNarrow
    /GaramondITCbyBT-BookNarrowItal
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-BoldItalicOsF
    /GaramondThree-BoldSC
    /GaramondThree-Italic
    /GaramondThree-ItalicOsF
    /GaramondThree-SC
    /GaramondThreeSMSIISpl-Italic
    /GaramondThreeSMSitalicSpl-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Gothic-Thirteen
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /GoudyCatalogueBT-Regular
    /Goudy-ExtraBold
    /GoudyHandtooledBT-Regular
    /GoudyHeavyfaceBT-Regular
    /GoudyHeavyfaceBT-RegularCond
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Black
    /GoudySans-BlackItalic
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySans-Book
    /GoudySans-BookItalic
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInserat-Roman
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-Black
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-BlackExt
    /HelveticaNeue-BlackExtObl
    /HelveticaNeue-BlackItalic
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightExt
    /HelveticaNeue-LightExtObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-Thin
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-ThinItalic
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /HelveticaNeue-UltraLigExt
    /HelveticaNeue-UltraLigExtObl
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItal
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /HelvExtCompressed
    /HelvLight
    /HelvUltCompressed
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist531BT-BlackA
    /Humanist531BT-BoldA
    /Humanist531BT-RomanA
    /Humanist531BT-UltraBlackA
    /Humanist777BT-BlackB
    /Humanist777BT-BlackCondensedB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldCondensedB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ExtraBlackB
    /Humanist777BT-ExtraBlackCondB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightCondensedB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /Humanist777BT-RomanCondensedB
    /Humanist970BT-BoldC
    /Humanist970BT-RomanC
    /HumanistSlabserif712BT-Black
    /HumanistSlabserif712BT-Bold
    /HumanistSlabserif712BT-Italic
    /HumanistSlabserif712BT-Roman
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /Iglesia-Light
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Light
    /Imago-LightItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /ITCGaramondMM
    /ITCGaramondMM-It
    /JAKEOpti-Regular
    /JansonText-Bold
    /JansonText-BoldItalic
    /JansonText-Italic
    /JansonText-Roman
    /JansonText-RomanSC
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Juniper
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kaufmann
    /Kaufmann-Bold
    /KeplMM-Or2
    /KisBT-Italic
    /KisBT-Roman
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Linotext
    /Lithos-Black
    /LithosBold
    /Lithos-Bold
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaHandwritingItalic
    /LucidaMath-Symbol
    /LucidaSansTypewriter
    /LucidaSansTypewriter-Bd
    /LucidaSansTypewriter-BdObl
    /LucidaSansTypewriter-Obl
    /LucidaTypewriter
    /LucidaTypewriter-Bold
    /LucidaTypewriter-BoldObl
    /LucidaTypewriter-Obl
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Machine
    /Machine-Bold
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatrixScriptBold
    /MatrixScriptBoldLin
    /MatrixScriptBook
    /MatrixScriptBookLin
    /MatrixScriptRegular
    /MatrixScriptRegularLin
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Bold
    /Meridien-BoldItalic
    /Meridien-Italic
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MrsEavesAllPetiteCaps
    /MrsEavesAllSmallCaps
    /MrsEavesBold
    /MrsEavesFractions
    /MrsEavesItalic
    /MrsEavesPetiteCaps
    /MrsEavesRoman
    /MrsEavesRomanLining
    /MrsEavesSmallCaps
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /MyriadMM
    /MyriadMM-It
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
    /NeuzeitS-BookHeavy
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskervilleITCbyBT-Bold
    /NewBaskervilleITCbyBT-BoldItal
    /NewBaskervilleITCbyBT-Italic
    /NewBaskervilleITCbyBT-Roman
    /NewBaskerville-Roman
    /NewCaledonia
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-BoldOblique
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewsGothic-Oblique
    /New-Symbol
    /NovareseITCbyBT-Bold
    /NovareseITCbyBT-BoldItalic
    /NovareseITCbyBT-Book
    /NovareseITCbyBT-BookItalic
    /Nueva-BoldExtended
    /Nueva-Roman
    /NuptialScript
    /OceanSansMM
    /OceanSansMM-It
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-BoldOblique
    /Optima-ExtraBlack
    /Optima-ExtraBlackItalic
    /Optima-Italic
    /Optima-Oblique
    /OSPIRE-Plain
    /OttaIA
    /Otta-wa
    /Ottawa-BoldA
    /OttawaPSMT
    /Oxford
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Parisian
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PhotinaMT
    /PhotinaMT-Bold
    /PhotinaMT-BoldItalic
    /PhotinaMT-Italic
    /PhotinaMT-SemiBold
    /PhotinaMT-SemiBoldItalic
    /PhotinaMT-UltraBold
    /PhotinaMT-UltraBoldItalic
    /Plantin
    /Plantin-Bold
    /Plantin-BoldItalic
    /Plantin-Italic
    /Plantin-Light
    /Plantin-LightItalic
    /Plantin-Semibold
    /Plantin-SemiboldItalic
    /Poetica-ChanceryI
    /Poetica-SuppLowercaseEndI
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /ProseAntique-Bold
    /ProseAntique-Normal
    /QuaySansEF-Black
    /QuaySansEF-BlackItalic
    /QuaySansEF-Book
    /QuaySansEF-BookItalic
    /QuaySansEF-Medium
    /QuaySansEF-MediumItalic
    /Quorum-Black
    /Quorum-Bold
    /Quorum-Book
    /Quorum-Light
    /Quorum-Medium
    /Raleigh
    /Raleigh-Bold
    /Raleigh-DemiBold
    /Raleigh-Medium
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /Ribbon131BT-Bold
    /Ribbon131BT-Regular
    /RMTMI
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /RotisSansSerif
    /RotisSansSerif-Bold
    /RotisSansSerif-ExtraBold
    /RotisSansSerif-Italic
    /RotisSansSerif-Light
    /RotisSansSerif-LightItalic
    /RotisSemiSans
    /RotisSemiSans-Bold
    /RotisSemiSans-ExtraBold
    /RotisSemiSans-Italic
    /RotisSemiSans-Light
    /RotisSemiSans-LightItalic
    /RotisSemiSerif
    /RotisSemiSerif-Bold
    /RotisSerif
    /RotisSerif-Bold
    /RotisSerif-Italic
    /RunicMT-Condensed
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-Italic
    /Sabon-Roman
    /SackersGothicLight
    /SackersGothicLightAlt
    /SackersItalianScript
    /SackersItalianScriptAlt
    /Sam
    /Sanvito-Light
    /SanvitoMM
    /Sanvito-Roman
    /Semitica
    /Semitica-Italic
    /SIVAMATH
    /Siva-Special
    /SMS-SPELA
    /Souvenir-Demi
    /Souvenir-DemiItalic
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Souvenir-Light
    /Souvenir-LightItalic
    /SpecialAA
    /Special-Gali
    /Sp-Sym
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-PhoneticAlternate
    /StoneSans-PhoneticIPA
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Italic
    /StoneSerif-PhoneticAlternate
    /StoneSerif-PhoneticIPA
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss921BT-RegularA
    /Symbol
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Syntax-UltraBlack
    /Tekton
    /Times-Bold
    /Times-BoldA
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Italic
    /Times-NewRoman
    /Times-NewRomanBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSmallCaps
    /Times-Sc
    /Times-SCB
    /Times-special
    /TimesTenGreekP-Upright
    /TradeGothic
    /TradeGothic-Bold
    /TradeGothic-BoldCondTwenty
    /TradeGothic-BoldCondTwentyObl
    /TradeGothic-BoldOblique
    /TradeGothic-BoldTwo
    /TradeGothic-BoldTwoOblique
    /TradeGothic-CondEighteen
    /TradeGothic-CondEighteenObl
    /TradeGothicLH-BoldExtended
    /TradeGothicLH-Extended
    /TradeGothic-Light
    /TradeGothic-LightOblique
    /TradeGothic-Oblique
    /Trajan-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trajan-Regular
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /Transitional551BT-MediumB
    /Transitional551BT-MediumItalicB
    /Univers
    /Universal-GreekwithMathPi
    /Universal-NewswithCommPi
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-Light
    /Univers-LightOblique
    /UniversLTStd-Black
    /UniversLTStd-BlackObl
    /Univers-Oblique
    /Utopia-Black
    /Utopia-BlackOsF
    /Utopia-Bold
    /Utopia-BoldItalic
    /Utopia-Italic
    /Utopia-Ornaments
    /Utopia-Regular
    /Utopia-Semibold
    /Utopia-SemiboldItalic
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Viva-BoldExtraExtended
    /Viva-Regular
    /Weidemann-Black
    /Weidemann-BlackItalic
    /Weidemann-Bold
    /Weidemann-BoldItalic
    /Weidemann-Book
    /Weidemann-BookItalic
    /Weidemann-Medium
    /Weidemann-MediumItalic
    /WindsorBT-Elongated
    /WindsorBT-Light
    /WindsorBT-LightCondensed
    /WindsorBT-Roman
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Demi
    /ZapfChanceryITCbyBT-Medium
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings for creating PDF files for submission to The Sheridan Press. These settings configured for Acrobat v6.0 08/06/03.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


